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Abstract 

This  research  effort  investigated  improvements  and  characterization  of  the 
AFIT  RC'S  measurement  chamber.  The  two  main  areas  of  improvement  included 
the  support  pedestal  and  antennas.  Characterization  included  antenna  and  system 
performance  as  pertains  to  aliasing,  noise  floor  and  quiet  zone  definition. 

Support  pedestal  improvement  involved  consideration  of  the  three  primary 
types  used:  the  suspension  line  support,  foamed  plastic  columns,  and  ogive-shaped 
metal  pylon.  Antenna  improvement  included  installing  broad  bandwidth,  low  side- 
lobe  antennas.  These  were  mounted  so  that  they  could  be  easily  rotated  for  polar¬ 
ization  selection,  and  so  that  they  provided  a  good  approximation  to  a  backscatter 
angle  of  zero  degrees  without  incurring  high  antenna  coupling. 

System  aliasing  measurements  and  analysis  was  performed  to  ensure  that  the 
full  bandwidth  capacity  of  the  antennas  was  achievable  without  causing  alias  error 
signals  to  enter  the  target  zone.  Noise  floor  data  was  taken  to  determine  the  degree 
of  sensitivity  improvement  after  modifications.  Quiet  zone  characterization  was  de¬ 
signed  to  verify  predictions  and  provide  actual  dimensions  for  measurement  analysis. 
Additionally,  the  quiet  zone  measurements  provided  information  as  to  the  pedestal 
location  relative  to  the  focus  of  the  antenna. 
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ANALYSIS  AND  DESIGN  OF  MODIFICATIONS  FOR 
IMPROVED  PERFORMANCE  OF  THE  AFIT  RADAR 
CROSS  SECTION  MEASUREMENT  CHAMBER 


I.  Introduction 


l tacky  ro  it  n  d 

1  he  radar  cross  section  (RCS)  of  an  arbitrary  target  can  be  measured  in  an  ane- 
ehoir  chamber  configured  with  an  appropriate  radar  transceiver  and  target  support 
fixture.  I  he  anechoic  (no  echo)  chamber  ir seif  consists  of  an  enclosed  room  lined  with 
radar  absorbing  material.  Transmitting  and  receiving  antennas  are  typica'ly  placed 
side-by-side  (in  one  wall)  to  measure  radar  backseat  tor.  A  target  support  pedestal 
is  placed  at  the  opposite  end  of  the  room,  to  provide  maximum  downrange  distance 
Irom  antenna  to  target.  Other  factors  such  as  clutter  levels  and  target/room  inter¬ 
actions  also  impact  the  desired  pedestal  position.  In  this  configuration,  the  pedestal 
provides  a  means  of  supporting  and  rotating  targets  to  measure  their  RCS. 

I  he  measurement  of  RCS  depends  on  the  signal  seen  at  the  receive  antenna  for 
both  the  unknown  target  and  a  calibration  target.  I  liis  received  signal  is  corrupted 
by  energy  transmitted  into  the  room  which  scatters  off  the  walls,  floor,  ceiling, 
pedestal,  or  anything  else  in  the  room,  f.nergy  received  from  all  objects  other  than 
the  target  are.  of  corse,  unwanted,  fortunately,  radar  absorbing  material  exists 
which  can  be  placed  on  the  walls,  floor,  and  ceiling  to  greatly  reduce  the  unwanted 
energy  returned  to  the  receiver.  Also,  measurement  techniques  such  as  time  gating 
(range  gating)  discount  energy  that  returns  too  early  or  too  late  to  be  a  target 
return.  Background  nulling  and  background  subtraction  techniques  also  exist  which 


help  eliminate  unwanted  returns  from  the  room.  For  example,  to  improve  the  raw 
target  measurement,  a  measurement  is  made  with  the  target  mount  but  without 
the  target.  This  "target  background"  is  then  vectoriallv  subtracted  from  the  target 
measurement. 

Although  these  techniques  work  very  well  for  most  of  the  unwanted  signals, 
there  is  still  a  major  contributor  that  is  not  eliminated.  This  is  the  interaction 
between  the  target  and  its  mount  and  the  support  pedestal.  Since  the  target  is  not 
present  during  the  background  measurement,  the  target/support  interactions  can 
not  Ire  subtracted.  Since  the  target,  mount,  and  pedestal  top  are  all  in  relative 
close  proximity,  these  interactions  can  not  be  range  gated  out.  Thus,  a  mount  and 
pedestal  coniigurnt ion  is  needed  which  will  minimize  the  target  support  interaction. 

1  he  need  to  approximate  a  plane  wave  incident  on  the  target  results  from  the 
equation  used  to  define  the  RCS.  which  is  given  by 

I  F  I2 

a  —  li m  A~ R1  5 

|  Ei  |2 

In  actuality,  this  plane  wave  is  approximated  by  placing  the  target  far  enough  away 
from  the  antenna,  which  radiates  spherically,  so  that  the  target  illumination  meets 
some  allowable  amplitude  and  phase  variation. 

Prohk  m  Si nt >  ui(  nt 

1  he  purpose  of  this  research  is  to  improve  the  measurement  capability  of  the 
A  FI  1  chamber  through  three  primary  efforts.  These  consist  of  installing  broadband, 
low  sidelobe  antennas:  reworking  the  target  support  pedestal  for  lower  direct  return 
and  lower  interactions:  and  characterization  of  the  target  zone.  Additional  consid¬ 
erations  include  a  convenient  means  of  placing  targets  on  the  pedestal  and  software 
control  of  antenna  polarization. 
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Approach 


The  first  effort  is  to  improve  system  performance  by  installing  new  transmit 
and  receive  antennas.  These  antennas  were  chosen  by  the  need  for  greater  bandwidth 
and  lower  sideiobes.  The  increased  bandwidth  allows  for  the  measurements  of  RCS 
over  a  larger  range  of  frequencies.  Also,  given  the  (complex)  frequency  response  of 
a  target  over  some  bandwidth,  a  bandlimited  impulse  response  can  be  calculated. 
The  resolution  of  this  impulse  response  improves  as  system  bandwidth  increases. 
The  requirement  for  low  sideiobes  serves  to  concentrate  energy  on  the  target  and 
minimize  clutter  returns.  The  installation  must  provide  a  mounting  configuration 
which  allows  computer-controlled  rotation  from  horizontal  to  vertical  polarization 
and  back.  As  will  be  discussed  later,  a  side  benefit  in  the  choice  of  antennas  and 
mounting  configuration  was  a  reduction  in  antenna  coupling  which  increases  system 
dynamic  range. 

The  second  effort  concerns  the  upgrade  of  the  target  support  pedestal.  The 
old  design  for  the  pedestal,  as  shown  in  Figure  1.  was  based  on  the  use  of  a  very 
large  rotator.  To  support  the  rotator  a  box-shaped  frame  was  built  under  the  desired 
pylon  shape.  Unfortunately,  the  frame  was  too  large  for  the  pylon  shape  to  cover. 
Thus,  a  skirt  was  formed  along  the  bottom.  In  addition,  pyramidal  absorber  was 
placed  upright  around  the  bottom  of  the  support  pedestal  to  reduce  returns.  This 
set-up  had  two  major  drawbacks.  The  first  was  that  the  leading  edge  of  the  pedestal 
directed  energy  down  into  the  side  of  a  piece  of  absorber  which  is  designed  to  absorb 
best  when  the  energy  is  directed  normal  to  its  surface.  The  second  drawback  was  the 
practical  problems  associated  with  target  installation  with  absorber  at  the  pedestal 
base.  The  new  design  will  take  advantage  of  a  smaller  target  rotator  currently  in 
use.  The  goals  of  the  new  design  are  to  reduce  the  RCS  of  the  pedestal  itself,  to 
reduce  target  /support  interactions,  and  to  allow  an  improved  technique  for  mounting 
targets.  The  RCS  of  the  pedestal  will  be  reduced  by  extending  the  ogive  shape  all 
the  way  to  the  floor  so  that  the  leading  edge  directs  all  energy  down  normal  to 

:? 


the  floor  where  pyramidal  absorber  can  absorb  best.  Target  support  interactions 
will  be  reduced  through  the  use  of  an  absorber  cap,  and  can  be  further  reduced  by 
proper  target  mount  designs.  The  absorber  cap  will  also  further  reduce  the  RCS  of 
the  pedestal.  The  pedestal  redesign  will  consider  a  means  of  easily  mounting  and 
removing  targets 

The  final  step  is  verification  of  the  range.  Measuring  the  amplitude  and  phase 
of  our  incident  field  at  several  frequencies  will  verify  our  predicted  quiet  zone  size. 
Measurements  of  system  noise  floor  will  also  be  made. 

Literature  Review 

This  research  effort  is  primarily  directed  at  engineering  design  improvements 
to  enhance  the  capability  of  the  AFIT  RCS  chamber.  The  current  literature  is  very 
consistent  in  basic  design  techniques  for  RCS  chambers.  The  variations  that  do  exist 
depend  upon  the  expected  use  for  the  RCS  chamber.  The  AFIT  chamber  is  a  far- 
field  CW  range  where  target  RCS  as  a  function  of  frequency  and  azimuth  angle  is 
desired.  The  frequency  response  also  provides  a  bandlimited  impulse  response.  The 
transmit  and  receive  antennas  are  clearly  an  integral  component  of  the  system. 

The  primary  considerations  in  choosing  the  antennas  are  radiation  pattern  and 
frequency  response.  Separate  transmit  and  receive  antennas  are  needed  because  the 
AFIT  system  is  continuous  wave.  This  means  that  the  transmit  antenna  can  not  be 
turned  off  to  listen  for  the  receive  signal.  The  usual  approach  in  backscatter  RCS 
measurements  is  to  place  two  identical  antennas  as  close  together  as  possible.  This 
essentially  allows  measurement  of  the  backscattered  fields.  The  problem  that  arises 
is  that  the  receive  antenna  signal  consists  not  only  of  reflections  from  the  target  and 
from  the  anechoic-chamber  walls,  but  also  of  a  component  that  is  coupled  directly 
from  the  transmit  antenna.  Robinson  (10)  points  out  that  choosing  an  antenna 
with  low  sidelobes  at  90  degrees  off  the  main  beam  and  placing  an  absorbing  baffle 
between  the  antenna  apertures  will  reduce  the  cross-coupling  to  an  acceptable  level. 
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The  target  support  pedestal  is  also  a  key  component  ol  the  system.  Installing 
a  support  in  an  RC'S  chamber  requires  consideration  of  many  factors.  First,  the 
support  must  present  a  low  cross  section  in  certain  directions.  There  are  three 
schools  of  thought  along  this  line.  One  is  to  shape  a  metal  pedestal  in  such  a  way 
that  it  directs  any  incident  energy  away  from  the  receive  antenna  to  where  it  is 
absorbed.  Another  is  to  make  the  pedestal  of  some  material,  such  as  plastic  foam, 
which  is  transparent  to  the  frequency  range  of  interest.  The  third  is  a  nylon  string 
suspension  system. 

In  (3)  Ross  states  that  the  conventional  suspension-type  target  support  consists 
of  two  towers,  a  main  suspension  line,  a  vertical  support  line,  a  target  sling  and  target 
control  lines;  as  shown  in  Figure  2.  Ross  also  states  that  cross-section  accuracy  is 
maintained  by 

1.  Minimizing  tower  effects  through  shaping,  absorber  materials,  location  of  tow¬ 
ers  in  nulls  of  the  field  pattern,  and  range  gating  techniques. 

2.  Reducing  main  suspension-line  interaction  by  means  of  aspect  control  and 
placement  above  the  main  beam. 

This  technique  is  very  good  for  targets  which  are  large  or  have  a  very  high  RCS  with 
respect  to  the  suspension  lines:  however,  in  the  AFIT  chamber,  the  targets  become 
quite  small  and  the  desired  RCS  contributions  would  start  to  reach  the  same  level 
as  the  support  system. 

Plonus  (9)  points  out  that  support  pedestals  of  cellular  plastic  materials  are 
widely  used  in  RCS  chambers.  Plonus  goes  on  to  show  that  these  materials  have  a 
total  RCS 

a  ~  o,  [  h(r)i~2tkr  dr.  -fa,-  f  n(r)dr  (2) 

J  o  Jo 

where  n(r)  is  the  time  average  of  the  distribution  function,  n(r.t).  which  represents 
the  number  of  particle  scatterers  per  unit  length  at  any  given  time.  The  first  term 
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Figure  2.  Conventional  Suspension  Support  (3) 


represents  the  coherent  scattering.  The  second  term  is  just  Na the  cross  section 
per  scatterer  (<7,)  times  the  number  of  scatterers  (N),  and  therefore  represents  the  in¬ 
coherent  scattering.  In  (11);  Thomas,  Plonus,  and  Knott  demonstrate  that  different 
foams  perform  differently  with  respect  to  coherent  and  incoherent  scattering.  They 
examined  six  foams  and  their  results  indicated  that  performance  in  one  category 
did  not  correlate  to  performance  in  the  other.  This  is  shown  in  Table  1  (11).  The 
best  choice  of  these  foams,  which  are  representative  of  what  is  available,  seems  to  be 
Pelaspam  with  its  low  coherent  RCS  and  moderate  incoherent  RCS  in  cases  where 
bistatic  measurements  are  desired.  This  stems  from  the  necessity  to  keep  the  foam 
symmetrical  vertically  for  stability.  The  alternative  is  to  choose  Thurame  which  has 
a  very  low  incoherent  RCS  and  shape  the  pedestal  into  something  low  in  RCS  for 
monostatic  RCS  measurements. 

Knott,  Shaeffer,  and  Tuley  (5)  describe  a  metal  pedestal  (Figure  3)  that  is 
shaped  like  an  aircraft  wing  which  has  edges  forward  and  rear  and  is  inclined  at  the 
top  toward  the  transmitter.  In  this  configuration,  most  of  the  energy  is  directed 
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Table  1.  Comparison  of  Cylindrical  Pedesta 

s  at  X  Band 

Material 

Dia.(in) 

Coherent 

(dbm  ) 

Incoherent 

(dbm  ) 

Tyrilfoam 

26.04 

-15.4 

-33.8 

Pelaspam 

13.98 

-12.5 

-48.0 

Styrofoam  FB 

14.66 

-  9.9 

-49.0 

Styrofoam  DB 

15.40 

-  7.5 

-49.3 

Styrofoam  FR 

13.34 

-  9.3 

-53.2 

Thurame 

19.13 

-  9.7 

-50.2 

down  (into  absorber)  and  back  (into  absorber).  The  metal  pedestal  has  the  distinct 
advantage  of  strength,  thus  allowing  the  incline  which  has  a  theoretical  return  of 
zero  (5). 

The  next  consideration  with  pedestal  installation  is  its  placement.  Ideally,  a 
target  is  illuminated  by  a  plane  wave.  In  a  far  field  range,  the  target  is  placed  at 
some  distance  such  that  the  spherical  wavefront  approximates  a  planar  wavefront 
(to  some  specified  degree)  over  the  extent  of  the  target. 

Kouyoumjian  and  Peters  (6)  discuss  the  minimum  range  as  a  function  of  tol¬ 
erable  deviation  from  a  planar  wravefront.  The  two  main  criteria  are  crossrange 
amplitude  (A)  and  phase  [<f>)  variation.  The  crossrange  amplitude  and  phase  varia¬ 
tion  are  the  change  in  amplitude  and  phase  of  the  incident  field  from  the  center  to 
the  edge  of  the  quiet  zone,  respectively.  The  minimum  range,  found  from  amplitude 
and  phase  considerations,  is  given  by 


Rm{A ) 


*  n 

^24(1  -  A)  W 


(3) 


FLm{4> ) 


(■}) 
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Figure  3.  Metal  Support  Pylon 


with  the  following  restrictions: 


Rm  >  0.412/ A 


(5) 


A  >  0.3 


3 


<  0.25 


(6) 


where  L  is  the  largest  dimension  of  the  target,  A  is  the  wavelength  of  the  incident 
'field,  and  /  is  the  maximum  antenna  aperture  dimension  (6).  These  results  were 
found  assuming  uniform  aperture  fields  in  a.  square  aperture  transmitting  antenna. 
As  stated  in  (6),  the  allowable  variation  in  crossrange  amplitude  and  phase  depends 
on  the  type  of  target  to  be  measured,  the  required  accuracy  of  the  RCS  data,  and 
the  type  of  processing  that  will  be  performed  on  the  RCS  data.  Rm(A)  and  Rmo  for 
several  values  of  A  and  o  are  depicted  in  Table  2.  Common  choices  are  .4  =  .9  and 

<t>  =  ~/8. 


Finally,  target-support  interactions  significantly  affect  system  performance. 
These  are  error  signals  that  usually  cannot  be  removed  with  background  subtraction 


or  range  gating.  For  this  research,  “target-support  interactions"  includes  interac¬ 
tions  between  the  target  and  the  mount  and  the  target  and  the  pedestal.  The  AFIT 
chamber  uses  a  calibration  technique  which  includes  background  subtraction.  The 
calibrated  (complex)  target  response  (a)  is  found  from 

<7  =  E(T-Bt)/(R-Br)  (8) 

where  E  is  the  exact  response  of  the  calibration  target,  T  is  the  target  measure¬ 
ment.  Bj  is  the  target  background  measurement,  R  is  the  calibration  target  mea¬ 
surement.  and  Br  is  the  calibration  target  background  measurement.  Background 
measurements  are  made  with  the  appropriate  mount  attached  to  the  pedestal.  This 
is  important  because  mounts  may  be  different  for  the  target  and  calibration  target. 
This  procedure  does  not,  however,  remove  interactions  which  occur  between  a  target 
and  its  mount,  and  the  target  and  the  pedestal.  Thus,  a  matter  of  finding  a  mount 
and  pedestal  treatment  combination  which  yields  interactions  well  below  the  target 
return  is  desired. 

The  work  in  (9)  with  foamed  plastics  for  support  pedestals  covered  earlier 
is  applicable  to  mount  design  also.  Since  mounts  are  much  easier  to  change  than 
pedestals,  the  tuned  right  circular  cylinder  presented  in  (11)  may  be  a  good  choice 
for  a  mount. 

Organization 

Chapter  II  discusses  the  theoretical  performance  of  the  AFIT  chamber  and 
its  improvements.  The  first  discussion  concerns  the  chamber  structure  and  how 
that  contributes  to  the  chamber’s  performance.  Next  the  function  of  the  processing 
equipment  is  described.  Then  the  antenna's  part  in  the  system  is  presented  with  a 
detailed  explanation  of  the  advantage  of  the  diagonal  horn  antenna.  This  is  followed 
by  a  quiet  zone  analysis  with  the  theoretical  dimensions  given  in  tabular  form.  Next 
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is  an  analysis  of  aliasing.  Finally,  discussions  of  the  pedestal,  absorber  cap.  and 
absorber  placement  are  presented. 

Chapter  III  discusses  the  actual  chamber  improvements.  The  first  discussed 
is  the  diagonal  horn  antenna  and  its  demonstration  of  improved  performance  in 
coupling  and  alias  free  operation  in  the  target  zone.  The  next  section  discusses  the 
noise  floor  improvement  which  was  realized  by  the  antennas.  Finally,  the  pedestal's 
absorber  cap  is  discussed  in  terms  of  its  contribution  to  improved  measurements. 

Chapter  IV  discusses  the  measurement  of  the  plane  wave  in  the  quiet  zone. 
It  begins  with  a  description  of  the  equipment  used.  Then  the  software  used  to 
control  the  measurements  is  discussed  in  some  detail.  Finally,  the  methodology  of 
the  measurements  is  discussed. 

Chapter  V  discusses  the  results  of  the  plane  wave  measurements  and  analyzes 
the  results  based  on  the  theoretical  data  presented  in  Chapter  II.  Chapter  VI  contains 
the  recommendations  for  further  study  and  or  modifications  and  conclusions  drawn 
from  this  effort. 
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II.  Theoretical  Performance 


Chamber  Description 

Physical  Dimensions  The  physical  dimensions  of  the  AFIT  chamber  are  il¬ 
lustrated  in  Figures  4  and  5.  The  tapered  design  of  the  chamber  walls  and  ceiling 
is  evident.  At  the  time  the  AFIT  chamber  was  designed  and  built,  the  current 
thought  was  that  a  taper"'  I  room  was  beneficial  in  that  it  would  eliminate  specular 
reflections  from  the  walls  or  ceiling  (5).  However,  more  recent  investigations  of  pyra¬ 
midal  absorber  indicate  it  is  a  diffuse  scatterer  (12).  In  fact,  converting  the  room 
from  a  tapered  to  a  rectangular  design  would  help  reduce  absorber  clutter  levels 
through  increased  spatial  attenuation  and  through  the  resulting  change  in  absorber 
bistatic  scattering  angles  (4).  For  practical  reasons,  the  room  configuration  will  not 
be  changed. 

Measurement  Equipment  The  AFIT  chamber  uses  Hewlett  Packard  hardware 
to  make  measurements.  The  system  (less  the  antenna,  which  will  be  covered  in  the 
next  section)  consists  of  the  source,  amplifier,  frequency  converter,  network  analyzer, 
controllers  and  peripherals  as  shown  in  Figure  6.  The  chamber  uses  the  HP  S340B 
Synthesized  Sweeper  to  generate  a  continuous  wave  (CW)  microwave  signal.  This 
signal  is  input  to  a  directional  coupler:  the  "coupled"  signal  is  sent  to  the  HPS511A 
(RF  to  IF  frequency  converter)  to  serve  as  a  reference,  the  “through"  signal  is  sent 
to  the  HP  8349B  Microwave  Amplifier.  The  amplifier  boosts  the  signal  to  roughly 
24  dBm  and  sends  it  to  the  transmit  antenna.  The  test  signal  received  on  the 
receive  antenna  is  then  sent  to  the  frequency  converter.  The  frequency  converter  then 
converts  the  (RF')  reference  and  test  signals  to  an  intermediate  frequency,  preserving 
the  relative  phase  and  amplitude  of  the  signals.  The  IF'  signals  are  then  sent  to  the 
network  analyzer.  The  HP  851  OB  Network  Analyzer  (NVVA)  is  the  receiver  which 
measures  the  amplitude  and  phase  of  the  test  signal  (relative  to  the  reference  signal). 
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The  system  is  controlled  by  the  HP  9000  Series  236  Computer.  The  computer  allows 
for  software  control  of  the  entire  system  and  augments  the  processing  functions  of 
the  NWA.  Servo-motor  controllers  direct  rotation  of  the  target  on  the  pylon  and 
of  the  antennas  to  the  proper  polarization.  These  controllers  can  be  software  or 
manually  controlled.  For  hardcopy  output,  a  plotter  and  printer  are  also  connected 
to  the  system. 


Diagonal  Horn  Anti  nnus 

As  discussed  earlier,  an  acceptable  approximation  to  a  plane  wave  is  achieved 
over  a  limited  region  (quiet  zone)  by  simply  placing  the  target  at  some  distance  from 
the  antennas.  The  size  of  the  quiet  zone  depends  on  the  range  distance  and  on  the 
allowed  deviation  from  an  ideal  plane  wave.  The  sidelobes  of  the  transmit  antenna 
illuminate  the  walls,  and  thus  contribute  to  absorber  scatter  into  the  quiet  zone. 
Analogously,  the  sidelobes  of  the  receive  antenna  can  pick  up  target  scattering  which 
illuminates  the  walls.  A  highly  directive  antenna  by  nature  has  relatively  low  side 
lobes  which  reduce  these  clutter  signals.  Traditionally,  RCS  chambers  have  used  the 
pyramidal  horn  antenna.  However,  as  part  of  this  thesis  effort,  the  AFIT  chamber 
has  switched  to  diagonal  horn  antennas.  These  were  chosen  primarily  for  their 
increased  bandwidth  and  low  sidelobe  levels.  As  described  in  (2).  a  chamber  has  four 
primary  dimensions  of  interest,  the  two  cardinal  dimensions  (horizontal  and  vertical) 
and  the  two  intertaidina!  dimensions  (diagonals).  The  pyramidal  horn  dimensions 
correspond  to  these  dimensions  while  the  diagonal  horn  has  its  diagonal  dimensions 
corresponding  to  the  cardinal  dimensions  of  the  room.  In  (7).  Love  states  that  the 
diagonal  horn  possesses  an  almost  perfectly  circulai  radiation  pattern,  and  thus,  its 
beamwidth  is  equal  iri  both  cardinal  and  intercardinal  dimensions.  Additionally. 
Loves'  work  showed  that  the  diagonal  horn  antennas  had  side  lobes  in  the  cardinal 
planes  of  the  room  measured  at  least  30  dB  down  and  in  the  intercardinal  planes  from 
23  to  27  dB  down  from  the  main  beam.  Conversely,  the  pyramidal  horn  antennas 
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exhibited  an  H-plane  3dB  beamwidth  about  35  percent  wider  than  the  E-plane  and 
the  E-plane  side  lobe  levels  were  noted  to  be  at  only  12  to  13  dB  down  relative  to 
the  main  beam.  It  should  also  be  noted  that  the  diagonal  horn  antenna  had  its 
higher  side  lobe  in  the  intercardinal  dimensions  of  the  chamber  which  are  a  factor  of 
\/2  greater  in  distance.  This  means  that  reflections  from  these  lobes  must  propagate 
approximately  41  percent  further  to  reach  the  quiet  zone  and  therefore  are  attenuated 
more. 


Quiet  Zone 

The  ideal  quiet  zone  is  a  volumetric  area  in  the  anechoic  chamber  in  which  a 
plane  wave  passes  from  only  one  direction  when  the  transmit  antenna  is  excited  (2). 
In  actuality,  the  imperfectly  absorbing  walls  will  scatter  energy  from  multiple  paths 
into  the  quiet  zone  which  causes  distortions  in  the  plane  wave.  Also,  the  antenna  is 
transmitting  a  spherically  shaped  beam  which  has  an  inherent  amplitude  and  phase 
variation  dependent  on  the  propagation  distance. 

In  Chapter  1,  Equations  3  and  4  give  the  minimum  down  range  distance  re¬ 
quired  for  a  given  amplitude  or  phase  variation,  respectively,  as  a  function  of  wave¬ 
length.  antenna  aperture,  and  target  dimension.  Let  the  target  dimension  become 
the  quiet  zone  dimension  and  the  minimum  range  become  the  actual  down  range 
distance  so  that  Equations  3  and  4  can  be  rewritten  to  solve  for  the  theoretical 
crossrange  quiet  zone  dimension  (/,)  for  the  AFIT  chamber.  Doing  so  for  Equation  3 
vields 


L  =  R  \  - 


A \  \/24(l  -  A) 


(9) 


In  the  AFIT  chamber.  R  =  25  ft.  For  a  crossrange  amplitude  variation  of  1  dB. 
.1  =  .9.  Using  our  horn  dimensions  of  /  =  0.943  feet,  and  considering  the  lower 
and  upper  frequencies  of  6  and  IS  GHz.  the  quiet  zone  dimension  L  is  found  from 
Equation  9  to  be  2.16  and  .72  feet,  respectively.  Figure  7  shows  these  dimensions 


Table  2.  Quiet  Zone  Dimension.  L  (ft) 


Frequency  (GHz) 

6 

8 

10 

12 

14 

16 

18 

A  =  .9 

2.14 

1.61 

1.29 

1.07 

.92 

.80 

.71 

d  —  tt/8 

1.43 

1.24 

1.11 

1.03 

.94 

©  =  tt/16 

1.01 

.88 

.78 

.72 

.66 

.62 

.58 

as  they  apply  to  the  chamber.  Equation  4.  which  considers  phase  variation,  is  much 
harder  to  simplify  into  a  solution  for  L.  In  this  case,  we  consider  our  source  to  be  a 
point  source,  and  the  resulting  expression  for  L  is  given  by 


L 


(10) 


For  an  allowed  crossrange  phase  variation  of  6  =  7r/16,  the  AFIT  chamber  quiet 
zone  crossrange  dimension  (L)  for  6  and  18  GHz  is  1.01  and  .58  feet,  respectively.  If 
the  allowed  phase  variation  is  relaxed  to  the  still  acceptable  ~/8,  then  the  dimension 
(L)  becomes  1.43  and  .83  feet,  respectively.  Mote  that  .4  and  o  are  defined  by 


E‘(L/2) 

fa  0) 


At* 


(ID 


Table  2  shows  the  quiet  zo'm  dimension  (Z)  for  A  =  .9.  ©  =  tt/8  and  o  —  rr/ 1 6 
versus  frequency.  These  calculations  show  that  the  theoretical  quiet  zone  dimensions 
are  limited  by  the  phase  variation  except  for  ©  =  tt/8  and  frequency  greater  than 
or  equal  to  14  GHz.  where  the  dimension  is  limited  by  the  amplitude  variation.  An 
additional  dimension  with  respect  to  the  quiet  zone  is  downrange  distance  (I)).  In 
this  direction,  the  only  variable  of  concern  is  amplitude.  A  constant  amplitude  is 
desired:  a  1  dB  variation  is  usually  accepted.  The  downrange  amplitude  decays  as 
1  / /?,  which  results  in  l)  —  /?/ 8 . 2  or  D  =  3  feet. 
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Aliasing 


The  AFIT  RCS  chamber  makes  801  discrete  measurements  while  sweeping 
from  6  to  18  GHz.  This  is  a  limitation  in  the  network  analyzer.  Care  must  be  taken 
to  ensure  time  domain  aliasing  does  not  corrupt  the  target  response.  The  alias  Tee 
range  is  determined  by  dividing  the  speed  that  the  wave  travels  (c)  by  the  width 
of  the  frequency  bins  (A/).  This  width  is  determined  by  the  bandwidth  and  the 
number  of  points  that  the  signal  processor  samples  (8).  The  AFIT  chamber’s  signal 
processor  takes  801  points  of  data  which  equates  to  800  bins.  The  width  of  the 
frequency  bins  is  given  by 

A/  =  B/800  (12) 

where  B  is  the  system  bandwidth.  Thus  for  a  bandwidth  of  12  GHz  (6  to  18  GHz) 
A /  equals  15  MHz.  Since  the  RCS  measurement  is  a  reflection  measurement, 

Baliasjree  ~  c/2A/  (13) 

represents  the  down  range  distance  at  which  aliasing  occurs.  For  the  AFIT  chamber, 
the  range  turns  out  to  be  10  meters  or  32.8  feet.  Therefore,  with  the  pedestal  placed 
at  25  feet  down  range,  there  should  be  no  problem  with  aliasing  in  the  target  area 
(quiet  zone). 

Pedestal  and  Cap 

It  would  be  ideal  to  be  able  to  set  a  target  in  a  chamber's  quiet  zone  in  mid-air 
with  no  support  and  to  be  able  to  rotate  it  on  command.  Since  the  AFIT  chamber  is 
only  currently  interested  in  monostatic  RCS  measurements,  the  ideal  is  approximated 
with  a  properly  designed  support  pedestal.  Of  the  three  pedestal  types  described  in 
the  introduction,  the  metal  ogive  shaped  pylon  was  chosen  for  the  AFIT  chamber. 
This  type  pylon  has  a  very  low  backscatter  RCS  and  can  suppoit  sufficient  weight 
for  any  target  which  can  fit  into  the  quiet  zone.  Another  advantage  to  this  design  is 


Table  3.  AFIT  Pylon  RCS  vs  Frequency 
Frequency  GHz 
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8 

10 

12 

14 

16 

18 

-41.51 

-44.04 

-45.97 

-47  56 

-4S.90 

50.06 

-51.08 

that  a  rotator  system  can  be  incorporated  inside  the  pylon  for  rotating  the  target. 


In  (1).  Burnside  states  that  the  RCS  of  an  ogive  shaped  support  pylon  (as 
shown  in  Figure  3)  can  be  found  in  an  approximate  manner.  The  assumption  is 
made  that  only  the  top  portion  of  the  pylon  is  illuminated  with  a  plane  wave.  This 
is  reasonable  if  you  consider  that  the  area  all  around  the  pylon  is  covered  with 
absorber  reducing  multipath  reflections  to  a  minimum.  Also,  the  transmitted  beam 
does  taper  off  as  one  moves  toward  the  pylon  base.  With  this  approximation,  the 
expression  for  the  RCS  of  the  pylon  in  terms  of  wavelength  A  and  forward  edge  tilt 
angle  0  becomes  (1). 


Amount  — 


A2 

1 6  7T  3 


cot20 


(14) 


This  expression  is  for  the  mount  terminated  in  frec  space.  An  absorber  cap 
should  reduce  the  RCS.  The  AFIT  pylon  has  a  15  degree  forward  edge  tilt  angle, 
thus,  the  theoretical  RCS  (dBsm)  is  as  shown  in  Table  3. 


Absorber 

Radar  absorbing  material  attached  to  the  walls,  floor,  and  ceiling  play  a  key 
role  in  reducing  energy  scattered  into  the  quiet  zone  and  to  the  receive  antenna.  For 
the  purposes  of  this  work,  two  types  of  absorber  are  of  primary  interest.  These  are 
pyramid  and  wedge  absorber.  Pyramid  absorber  is  most  effective  at  reducing  scat¬ 
tering  at  normal  incidence.  Wedge  absorber  is  most  effective  reducing  backscatter 
at  grazing  incidence.  Generally,  the  ideal  placement  in  a  chamber  would  be  to  have 
pyramid  absorber  from  the  antennas  to  a  point  just  past  half-way  to  the  quiet  zone 


on  all  sides,  then  wedge  absorber  the  rest  of  the  way  back  to  the  rear  wall,  and  lastly, 
pyramid  absorber  on  the  back  wall  and  a  small  area  directly  under  the  pedestal  s 
leading  edge  incline.  The  wedge  absorber  scatters  in  “Keller  cones1'  as  shown  in 
Figure  8.  With  the  wedge  absorber  placed  as  described,  the  incident  energy  is  di¬ 
rected  to  the  back  wall  at  an  angle  very  close  to  normal  incidence.  Incident  energy 
hitting  the  leading  edge  of  the  pedestal  is  directed  down  in  "Keller  cones'1  which  for 
that  distance  become  incident  very  near  normal  to  the  floor,  thus,  the  placement  of 
pyramidal  absorber. 

Originally,  in  the  AFIT  chamber,  the  entire  chamber  was  covered  with  pyramid 
absorber  except  for  a  pathway  which  passed  across  the  chamber  directly  under  the 
antennas,  turned  up  the  left  wall,  and  then  near  the  target  area  began  to  guide 
toward  the  pylon.  At  the  pylon  a  square-like  area  existed  to  stand  a  step  stool  for 
mounting  targets  on  the  pylon.  The  new  absorber  pattern  will  incorporate  wedge 
absorber  and  a  path  change  to  the  pylon. 

Due  to  a  limited  amount  of  wedge  absorber  being  available,  placement  of  the 
wedge  absorber  is  restricted  to  the  floor.  The  wedge  absorber  will  be  placed  from 
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a  point  half  the  distance  from  the  antennas  to  the  quiet  zone  to  as  far  back  past 
the  quiet  zone  as  supplies  last.  The  path  will  enter  the  chamber  on  the  right  and 
continue  down  the  right  side  to  the  back  where  it  will  turn  across  the  back  and  then 
come  up  to  the  pylon  from  the  rear.  A  new  collapsable  ladder  design  will  provide 
easy  access  to  the  top  of  the  pylon  from  the  rear. 


III.  Chamber  Improvements 


Antenna 

The  bandwidth  of  an  antenna  affects  two  primary  characteristics  associated 
with  RCS  measurements.  These  are  time  domain  aliasing  and  range  resolution.  The 
original  antennas  used  in  the  A  FIT  chamber  operated  from  8  to  12.4  GHz.  This 
bandwidth  resulted  in  an  alias  free  down  range  distance  of  89.5  feet,  according  to 
Equation  13.  The  range  resolution.  AR.  is  inversely  proportional  to  the  bandwidth 


AR  = 


c 

2 B 


(15) 


where  the  B  is  the  bandwidth  and  c  is  the  speed  of  light  (5).  Given  this,  the  range 
resolution  of  the  old  antennas  is  1.34  inches.  This  means  that  all  scatterers  on  a 
target  within  a  1.34  inch  down  range  distance  are  indistinguishable. 

The  Flam  and  Russell  antennas  installed  in  the  chamber  have  a  bandwidth  of 
12  GHz.  The  alias  free  range  is  estimated  at  32.8  feet  which  is  still  sufficient  for  the 
AFIT  range  which  has  the  target  25  feet  down  range.  The  range  resolution  is  .49 
inches,  which  is  a  significant  improvement. 

Figures  9  through  13  demonstrate  the  aliasing  in  the  chamber  as  the  bandwidth 
is  increased.  These  measurements  were  taken  at  801  sample  points  and  vertical 
polarization.  These  are  uncalibrated  time  domain  views  of  the  entire  room  scatter. 
The  points  of  interest  are  marked  to  make  visualizing  the  aliasing  easier.  Beginning 
with  Figure  9,  the  antenna  coupling  is  labeled  ‘Ah  The  pylon,  which  contains  a  five 
inch  sphere  mounted  on  top,  is  marked  with  ‘C\  The  back  wall  is  marked  with  a 
‘B\  This  point  was  verified  by  placing  a  corner  reflector  in  the  absorber  on  the  back 
wall.  The  reflector  was  then  removed  so  that  the  data  would  pertain  to  the  rear 
wall  only.  In  Figures  10  through  13.  the  marker  'a'  represents  the  antenna  coupling 
alias  signal  and  ‘b’  represents  the  back  wall  alias  signal.  The  figures  show  that  as 
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Figure  9.  Time  Domain  of  Chamber  with  4.4  GHz  (S- 1 2.4)  Bandwidth 
uncalibrated 
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Figure  10.  Time  Domain  of  Chamber  with  8.5  GHz  (7.5-16)  Bandwidth, 
uncalibrated 
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Figure  11.  Time  Domain  of  Chamber  with  9.5  GHz  (7.5-17)  Bandwidth, 
uncalibrated 
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Figure  12.  Time  Domain  of  Chamber  with  11  GHz  (6-17)  Bandwidth,  uncalibrated 
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Figure  13.  Time  Domain  of  Chamber  with  12  GHz  (6-18)  Bandwidth,  uncalibrated 
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the  bandwidth  increases,  the  patterns  begin  to  overlap,  and  the  antenna  coupling 
and  back  wall  alias  signals  start  to  approach  the  pylon.  Figure  10  clearly  shows 
the  back  wall  alias  signal  approaching  the  antenna  coupling  signal  from  the  left.  In 
Figure  1 1  the  back  wall  alias  signal  and  antenna  coupling  signal  are  directly  over 
each  other  and  the  antenna  coupling  alias  signal  and  back  wall  signal  are  likewise 
overlapping.  Figure  12  shows  the  back  wall  alias  signal  approaching  the  quiet  zone 
from  the  left  and  the  antenna  coupling  alias  signal  approaching  the  quiet  zone  from 
the  right.  Finally,  in  Figure  13  the  back  wall  and  antenna  coupling  alias  signals  are 
at  their  closest  position  to  the  quiet  zone.  On  the  figures,  each  block  represents  11 
ns.  therefore,  the  first  part  of  the  antenna  coupling  alias  signal  is  about  17  ns  away 
and  the  closest  the  back  wall  alias  signal  gets  is  approximately  32  ns  away  from  the 
pylon  signal  in  the  quiet  zone.  To  convert  to  distance  from  the  pylon,  multiply  the 
speed  of  the  signal  times  the  time  traveled.  In  feet  per  second,  the  speed  is 

v  =  3.2808c(  — )  (16) 

sec 

where  <:  is  the  speed  of  light  in  meters  per  second.  Since  the  measurement  is  a 
reflection,  the  actual  distance  separating  the  signals  is  half  the  product  of  the  velocity 
given  in  equation  16  and  the  time  separation  shown  in  figure  13.  Thus,  the  antenna 
coupling  alias  signal  is  8.3  feet  away  and  the  back  wall  alias  signal  is  15.7  feet  away 
from  the  pylon  signal.  W  here  the  expected  quiet  zone  is  no  more  than  about  one 
foot  to  either  side  of  the  pylon,  it  is  clear  that  there  is  no  aliasing  interference  in  the 
general  area  of  the  pylon,  thus,  the  chamber  can  handle  the  increased  bandwidth. 

Figure  14  illustrates  the  range  resolution  available  with  the  new  antennas.  The 
plot  is  the  impulse  response  of  a  generic  airplane  as  shown.  For  this  target,  the  tail 
fins  extend  past  the  cylindrical  portion  of  the  airplane  .50  inches.  The  plot  shows 
that  the  responses  from  these  two  points  are  clearly  resolvable'.  1  bus.  the  predicted 
range  resolution  of  .49  inches  is  accurate. 
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Figure  14.  Impulse  Response  of  Generic  Airplane 


Additional  improvements  in  the  chamber  as  a  result  of  the  new  antenna  instal¬ 
lation  were  a  reduced  antenna  coupling  and  an  easier  means  of  controlling  antenna 
polarization.  The  original  antennas  were  designed  for  a  uniform  amplitude  across 
the  aperture.  This  uniform  amplitude  results  in  a  nonzero  field  strength  at  the  edges 
of  the  antenna  which  causes  coupling  if  the  antenna  are  not  properly  isolated.  For 
a  backscatter  measurement,  the  antennas  need  to  be  as  close  to  each  other  as  pos¬ 
sible.  This  requirement  causes  the  transmit  and  receive  antenna  to  be  very  close  to 
each  other.  (In  this  configuration,  coupling  can  be  reduced  by  placing  an  absorbing 
baffle  between  the  antenna.)  The  new  antennas  have  a  tapered  amplitude  across  the 
aperture  resulting  in  a  theoretical  zero  field  strength  at  the  edges.  This  means  that 
the  antenna  can  be  placed  tip  to  tip  with  greatly  reduced  coupling. 

Figures  15  and  16  show  the  relative  difference  in  the  antenna  coupling.  Fig¬ 
ure  15  is  an  uncalibrated  time  domain  cut  of  the  chamber  with  the  old  antennas. 
Marker  1  shows  the  point  where  antenna  coupling  occurs.  In  this  configuration,  the 
antenna  are  spaced  about  4  inches  apart  and  have  a  piece  of  flat  absorber  taped 
between  them.  Figure  16  is  the  same  type  measurement  with  the  new  antennas. 
Here  the  antenna  coupling  is  clearly  about  -40  dB  lower.  In  this  configuration,  the 
antennas  are  mounted  with  the  E-plane  tips  virtually  touching.  The  low  coupling 
level  removes  the  need  for  an  absorbing  baffle. 

The  old  antenna  mounting  configuration  had  the  antenna  mounted  on  a  cir¬ 
cular  disk  in  the  wall.  The  operator  had  to  climb  up  and  turn  the  disk  by  hand, 
aligning  hash  marks,  to  set  polarization  for  vertical  or  horizontal.  The  new  mounting 
platform  has  the  antenna  mounted  on  a  disk  which  is  driven  oy  a  rotator  controlled 
by  the  hand-held  controller.  Computer  control  gives  not  only  accurate  horizontal 
and  vertical  settings,  but  also  allows  for  measurement  at  any  angle  in  between,  lhe 
one  limitation  which  still  exists  is  that  measurements  must  be  made  with  the  trans¬ 
mit  and  receive  antenna  in  the  same  orientation:  no  cross  polarization  measurements 
are  possible  without  physically  removing  one  antenna  and  turning  it  in  its  mount. 
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Figure  16.  Uncalibrated  Time  Domain  View  of  Chamber 
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Chamber  noise  floor 

The  primary  expectation  from  the  new  pedestal  and  absorber  placement  in  the 
chamber  is  to  reduce  the  noise  floor.  Origin  ally,  in  the  AFIT  chamber,  the  entire 
chamber  was  covered  with  pyramid  absorber  except  for  a  pathway  which  passed 
across  the  chamber  directly  under  the  antennas,  turned  up  the  left  wall,  and  then 
near  the  target  area  began  to  guide  toward  the  pylon.  At  the  pylon,  a  square-like 
area  existed  to  stand  a  step  stool  for  mounting  targets  on  the  pylon.  This  absorber 
pattern  with  the  old  pedestal  (described  in  Chapter  1)  and  the  old  antennas  provided 
a  noise  floor  of  about  -50  to  -60  dBsm  as  shown  in  Figure  17. 

The  current  chamber  configuration  includes  the  new  pedestal,  antennas,  and  a 
new  absorber  pattern  which  incorporates  wedge  absorber  and  a  path  change  to  the 
pylon.  Due  to  a  limited  amount  of  wedge  absorber  being  available,  placement  of  the 
wedge  absorber  is  restricted  to  the  floor.  The  wedge  absorber  is  placed  from  a  point 
half  the  distance  from  the  antennas  to  the  quiet  zone  to  approximately  3  feet  passed 
the  base  of  the  pylon.  The  width  of  the  wedge  strip  is  12  feet.  The  path  enters  the 
chamber  on  the  right  and  continues  down  the  right  side  to  the  back  where  it  turns 
across  the  back  and  then  comes  up  to  the  pylon  from  the  rear.  A  new  collapsable 
ladder  design  provides  easy  access  to  the  top  of  the  pylon  from  the  rear.  The  noise 
floor  associated  with  this  configuration  is  -70  to  -80  dBsm  as  shown  in  Figure  IS. 
While  each  noise  floor  measurement  is  different.  Figure  18  is  representative  of  typical 
values. 

Pedestal  Cap 

As  said  in  Chapter  2.  the  RCS  of  the  pedestal  is  further  reduced  by  terminating 
its  top  with  an  absorbing  cap.  This  addition  also  provides  a  reduction  in  target- 
support  interactions  which  can  not  Ire  subtracted  out.  To  demonstrate  the  effect 
of  a  RAM  cap.  a  sphere  was  measured  under  three  separate  cap  conditions.  The 
target  chosen  was  a  sphere  because  it  would  provide  a  strong  specular  reflection 
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Figure  18.  Chamber  Noise  Floor  with  Current  Set-up 
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and  a  second  order  mechanism,  a  creeping  wave.  The  measurements  were  taken 
over  a  bandwidth  of  8-12.4  GHz  at  horizontal  polarization.  Figure  19  shows  the 
time  domain  result  of  all  three  measurements.  Point  A  is  the  specular  reflection 
and  point  B  is  the  creeping  wave.  The  creeping  wave  appears  at  a  later  time  due 
to  a  (2  +  7r)a  longer  round  trip  path,  where  a  is  the  radius  of  the  sphere.  In  this 
case  the  creeping  wave  return  would  be  approximately  1.1  nanoseconds  after  the 
specular  return.  The  first  measurement  involved  no  cap.  Here  the  flat  metal  surface 
of  the  pedestal  top  interacted  with  the  target  to  a  large  degree  as  shown  in  trace 
1.  In  this  trace,  there  is  a  high  intermediate  return  between  the  reflection  point 
and  the  first  creeping  wave  which,  without  other  information,  could  be  mistaken 
as  a  target  feature.  The  second  measurement  used  an  ogive  shaped  absorber  cap 
over  the  pedestal  top.  The  cap  was  cut  from  a  6  inch  thick  piece  of  absorber.  The 
absorber  was  constructed  so  that  the  top  four  inches  of  the  pedestal  was  covered  with 
approximately  2  inches  of  absorber.  Trace  2  shows  the  intermediate  return  about  10 
dBsm  lower  and  now  the  reflection  and  first  creeping  wave  are  much  clearer.  The  last 
measurement  consisted  of  the  absorber  cap  with  an  ogive  sheet  of  magnetic  RAM 
cut  to  fit  over  the  top  flat  portion  of  the  pedestal  (under  the  absorber  cap).  As 
trace  3  indicates,  the  intermediate  return  is  reduced  another  10  dBsm  and  now  the 
reflection  and  first  creeping  wave  are  evident.  Hence,  the  sphere,  which  scatters  in 
all  directions,  has  a  return  that  more  precisely  matches  the  exact  solution  when  the 
top  of  the  pedestal  is  covered  with  absorber.  An  additional  measure  would  be  to 
raise  the  sphere  higher  off  the  top.  In  this  way  the  path  from  the  scattered  rays  to 
the  top  of  the  pedestal  and  back  to  the  antenna  would  be  further  back  in  time  where 
it  could  be  range  gated  out.  Note  that  these  measurements  were  made  when  the 
chamber  was  in  the  old  configuration.  This  explains  the  poorer  range  resolution. 
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IV.  Quiet  Zone  Measurement 


The  final  phase  of  this  effort  was  to  characterize  the  quiet  zone.  To  do  this,  a 
method  of  translating  an  antenna  across  the  quiet  zone  without  interfering  with  the 
incoming  wave  had  to  be  engineered,  software  had  to  be  written  for  controlling  the 
measurements,  and  a  plan  of  attack  was  necessary  for  the  data  to  be  collected. 

Equipment  Set-up 

An  ogive  shaped  translation  device  was  designed  and  built  as  shown  in  Fig¬ 
ure  20.  This  device  is  capable  of  translating  a  probe  120  cm  (4  feet).  The  field  can 
be  measured  in  a  horizontal  or  vertical  scan.  Since  the  nature  of  the  diagonal  horn 
antennas  is  to  produce  a  circular-shaped  beam,  the  two  scans  should  be  adequate  for 
determining  the  quiet  zone  of  the  chamber.  The  shape  of  the  translator  negligibly 
perturbs  the  incident  field  measured  by  the  probe. 

The  only  difference  in  qmppment  set-up  from  the  RC'S  measurement  (Figure  6) 
is  that  the  receive  antenna  is  now  in  the  quiet  zone.  Also,  the  translator  contains  a 
rotator.  This  required  laying  antenna  coaxial  cable  and  a  rotator  control  cable  down 
the  length  of  the  chamber  to  the  translation  device.  The  translation  directions  and 
antenna  positions  for  horizontal  polarization  are  shown  in  Figure  21.  For  vertical 
polarization,  antenna  1  becomes  the  bottom  antenna  and  antenna  2  the  top. 

Software 

Portions  of  the  AFIT  RCS  measurement  (ARMS)  code  were  adapted  and  in¬ 
corporated  into  a  program  called  AFITFP  (AFIT  field  probe).  A  flow  chart  of  the 
code  is  in  Figure  22.  The  actual  code  is  listed  in  Appendix  A.  The  primary  purpose 
of  the  code  is  to  determine  the  amplitude  and  phase  of  the  field  relative  to  the  field 
at  the  center  of  the  translation.  The  main  program  consists  of  initialization  and  a 
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Figure  21.  Antenna  and  Translation  Orientation 
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Figure  22.  AFITFP  Flow  Chart 
43 


call  to  a  main  subroutine  which  takes  the  measurement  parameters  and  calls  sub¬ 
routines  which  measure  the  field,  normalize  the  data,  and  show  the  results  on  the 
HP  computer  screen.  Additional  menus  allow  for  saving  and  plotting  the  data. 

The  main  subroutine  (start)  begins  by  asking  for  the  date  which  gets  printed 
on  the  plots.  Then  a  menu  appears  which  allows  selection  between  taking  a  mea¬ 
surement,  plotting  saved  data,  or  returning  to  basic.  If  a  measurement  is  chosen,  the 
program  prompts  the  user  for  the  required  measurement  data.  This  includes  selec¬ 
tion  of  a  frequency  from  6  to  18  GHz  and  whether  the  user  wants  the  data  taken  in 
1  or  10  cm  increments.  The  next  input  is  the  polarization  followed  by  the  direction 
the  translator  will  be  moving:  left  to  right  (top  to  bottom)  or  right  to  left  (bottom 
to  top)  for  horizontal  (vertical)  translation.  The  remainder  of  the  main  subroutine 
is  a  sequence  of  calls  to  subrout  ines. 

The  first  measurement  subroutine  (Meas)  sends  the  measurement  parameters 
to  the  network  analyzer,  initializes  the  rotator  controller,  and  takes  the  measurement. 
In  the  measurement,  the  network  analyzer  measures  magnitude  in  dB  and  phase  in 
degrees.  The  next  call  is  to  the  normalization  subroutine  (Normalize).  Here  the  data 
collected  at  the  center  point  of  the  scan  is  subtracted  from  all  other  data  points:  this 
normalizes  the  data  as  specified  earlier.  At  this  point,  a  characteristic  of  the  HP 
8510  generates  the  need  for  further  processing  of  the  phase  data  in  order  to  get  a 
clean  trace.  The  HP  8510  only  records  angles  between  -180  and  +180  degrees.  Thus, 
at  the  180  degree  point,  the  trace  will  display  a  360  degree  jump  after  normalization 
whenever  the  unnormalized  phase  passes  through  180  degrees.  This  was  corrected  by 
taking  the  normalized  array  and  checking  the  difference  between  the  points.  Since 
a  change  of  more  than  10  degrees  between  any  two  points  was  never  expected,  that 
was  chosen  as  the  threshold  for  detecting  360  degree  jumps.  If  the  difference  was 
greater  than  10  degrees,  360  degrees  was  subtracted  from  the  second  point.  If  the 
difference  was  less  than  -10  degrees.  360  degrees  was  added  to  the  second  point.  In 
this  way  a  smooth  trace  was  achieved.  However,  it  was  now  possible  for  the  phase 


at  the  center  of  the  scan  to  be  ±360  degrees.  Thus,  a  check  is  made  of  that  center 
point  and  if  it  is  not  0.  then  it  is  again  subtracted  from  all  the  points.  At  this 
stage,  a  smooth  trace  with  the  desired  normalization  is  obtained.  There  now  was 
only  one  more  check  to  make.  The  plotter  used  only  plots  from  left  to  right,  thus 
the  measurements  taken  from  right  to  left  or  bottom  to  top  were  reversed  for  proper 
plotting.  The  final  two  measurement  subroutine  calls  are  to  display  the  data  on  the 
screen  (Show-crt).  The  first  call  displays  the  magnitude  on  the  screen.  At  this  point 
a  menu  is  available  which  allows  selection  of  storing  the  data,  taking  a  new  field 
probe  measurement,  dumping  the  data  to  a  printer  (low  quality  output),  looking 
at  the  phase  trace,  or  returning  to  Basic.  Choosing  the  phase  trace  results  in  the 
second  call  to  Show-crt.  At  this  point,  the  trace  on  the  screen  is  the  phase  and  the 
menu  choices  are  store,  new  measurement,  dump  to  printer,  or  return  to  Basic.  The 
new  measurement  choice  is  actually  a  return  to  main  menu  where  the  plot  choice 
may  also  be  selected. 

The  plot  choice  on  the  main  menu  calls  a  plotting  subroutine  (Pat-procplot ) 
which  controls  the  plotting  of  data  stored  on  disk.  The  first  subroutine  called  inputs 
the  data  from  a  disk.  Since  the  magnitude  and  phase  data  are  stored  in  separate 
files,  this  sequence  must  be  done  for  each  plot.  The  data  is  shown  on  the  screen 
by  the  next  call  to  the  Show-crt  subroutine  and  a  menu  becomes  available  which 
allows  a  choice  of  line  type  (for  multiple  traces  on  the  same  grid),  grid  plotting, 
data  plotting,  and  exit.  The  grid  must  be  plotted  before  selecting  the  data  plotting 
choice.  Once  the  trace  is  plotted,  the  exit  choice  returns  to  the  main  menu  where 
further  plotting  or  more  measurements  may  be  made. 

Methodology 

The  1  cm  increment  option  obtains  the  most  accurate  measurement  of  the  quiet 
zone.  This  allowed  the  ripples  in  the  quiet  zone  to  become  apparent  and  determine 
where  the  edges  were  based  on  the  1  dB  amplitude  and  ~/8  or  ~/16  phase  criteria 
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discussed  earlier.  First,  horizontal  axis  measurements  were  made  at  6.8.10.12.14.16. 
and  18  GHz.  Then  a  10  GHz  measurement  on  the  vertical  axis  was  made.  This 
was  done  first  for  vertical  polarization  and  then  repeated  for  horizontal  polarization. 
Only  one  measurement  in  the  vertical  translation  direction  was  taken  as  comparison 
of  it  with  its  horizontal  translation  counterpart  would  be  similar  for  all  frequencies. 
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V.  Quiet  Zone  Analysis 


The  final  product  of  this  effort  was  the  quiet  zone  characterization.  For  this 
effort,  quiet  zone  illumination  measurements  were  made  and  compared  to  predicted 
values.  Good  agreement  was  seen  in  the  measurements  and  predictions  of  the  phase 
of  the  illumination.  Then  the  two  way  path  of  the  RCS  measurement  was  consid¬ 
ered  since  the  round  trip  phase  is  more  significant  than  the  one-way  (measured) 
phase.  There  is  confidence  in  these  round  trip  predictions  due  to  the  agreement  seen 
previously  in  the  one-way  case. 

Results  and  Analysis  of  Quiet  Zone  Illumination 

The  results  of  the  quiet  zone  measurements  are  magnitude  and  phase  plots 
of  the  transmitting  antenna  which  are  normalized  to  0  dB  magnitude  and  0  degrees 
phase  at  the  center  of  the  scan:  not  the  peak  of  the  beam.  Appendix  B  contains  plots 
of  all  the  measurements  that  were  made.  Selected  data  is  presented  and  discussed 
here.  Analysis  of  the  individual  plots  produces  the  illumination  pattern  over  the 
quiet  zone  with  respect  to  the  amplitude  and  phase  variation  criteria  discussed  in 
Chapter  II.  The  analysis  of  the  illumination  patterns  provides  data  which  can  be 
compared  to  that  in  Table  2.  For  this  analysis  only  the  horizontal  translation  data 
was  used,  since  the  vertical  data  is  only  repeated  in  the  opposite  polarization.  Close 
examination  of  the  plots  reveals  that  the  traces  are  not  completely  smooth.  Thus, 
the  estimation  of  the  beam  peak  and  the  points  at  which  amplitude  and  phase 
exceed  the  criteria  is  not  exact.  The  method  used  to  find  the  peak  of  each  trace 
in  turn  was  to  look  first  at  the  10  to  15  cm  portion  of  the  top  of  the  trace.  Then, 
pick  the  center  of  that  spread  as  the  identified  peak  even  though  it  may  not  be  the 
highest  point  on  tiie  trace.  For  the  amplitude  traces  a  line  was  drawn  1  dB  down 
from  the  identified  peak.  For  the  phase  traces  a  line  was  drawn  at  a  point  11.25 
degrees  down  and  22.5  degrees  down  for  the  -/lb  and  phase  variation  criteria. 
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Table  4.  L  (ft).  Beam  Peak  Method.  V-poIarization 
Frequency  (GHz) 


6 

8 

10 

12 

14 

16 

18 

A=.9 

2.20 

2.49 

3.38 

2.72 

O  =  -/S 

— 

1.20 

1.05 

.98 

— 

.57 

o  —  - 1 1 6 

.95 

.85 

.75 

.71 

.59 

.52 

.49 

Table  5.  L  (ft).  Beam  Peak  Method.  H-polarization 


Frequency  (GHz) 

6 

8 

10 

12 

14 

16 

18 

A  =9 

2.95 

2.89 

1.76 

1.90 

1.28 

3.08 

3.38 

1.50 

1.28 

1.05 

1.02 

.89 

.82 

.74 

o  =  jt/16 

1.13 

.82 

.77 

.75 

.59 

.58 

.52 

respectively.  Where  these  lines  intersected  the  apparent  smooth  curve  fit  of  each 
trace  was  the  point  chosen  as  the  cut-off  point.  Finally,  the  distance  between  these 
cut-off  points  for  each  trace  was  measured  to  determine  the  dimension  L  for  that 
particular  amplitude  or  phase  variation.  This  methodology  allowed  for  the  random 
fluctuations  of  the  measurement.  My  observations  of  the  results  is  that  the  curve 
fitting  approach  rarely  differed  by  more  than  one  centimeter.  In  most  cases,  what 
was  gained  on  one  side  was  lost  on  the  other  side  of  the  trace.  Table  4  shows  the 
results  of  the  vertically  polarized  data.  Table  5  contains  the  horizontally  polarized 
results. 

Tables  4  and  5  show  the  measured  quiet  zone  crossrange  dimension  as  a  function 
of  frequency  for  the  amplitude  and  phase  criteria  shown.  I  his  data  can  be  compared 
to  the  prediction  in  Table  2.  It  is  immediately  obvious  that  the  phase  predictions  are 
better  than  the  magnitude  predictions.  This  is  because  the  magnitude  predictions 
assumed  uniform  aperture  fields  in  a  square  aperture.  4  he  data  clearly  shows  that 
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Frequency  (GHz) 


6 

8 

10 

12 

14 

16 

18 

H- Plane  tt/S 

-2.88 

-1.64 

-2.78 

-2.49 

0.53 

-1.73 

-18.6 

*/16 

-3.06 

-1.73 

-1.96 

-0.70 

-5.60 

-8.77 

-8.41 

E-Plane  tt/8 

2.39 

1.59 

-2.78 

-0.49 

-2.73 

-3.53 

-5.73 

-/16 

5.61 

-3.53 

-0.65 

2.04 

-5.60 

-3.33 

-5.45 

the  tapered  illumination  and  defocussed  aperture  of  the  diagonal  horn  antennas 
produce  a  moie  constant  gain  across  the  beamwidth  than  the  square  aperture  horns. 
Also  evident  is  the  dramatic  increase  in  beamwidth  at  the  16  and  18  GHz  level  due 
to  the  modification  of  the  horn  near  the  apex. 

The  design  of  the  diagonal  horn  antennas  should  not  affect  the  phase  results  as 
drastically  since  the  point  source  assumption  is  still  a  good  one.  Comparison  of  the 
data  reveals  that  this  is  true.  Table  6  shows  the  percent  deviation  in  each  value  from 
Tables  4  and  5  to  the  values  in  Table  2.  In  all  but  one  case  the  percent  deviation 
is  less  than  10.  1  his  is  acceptable  considering  that  there  are  many  factors  affecting 
the  measured  data  which  are  not  taken  in  to  account  in  the  prediction.  The  one 
undesired  outcome  is  that  the  measurement  values  are  for  the  most  part  less  than 
the  predicted  values.  Thus,  the  ideal  quiet  zone  is  smaller  than  expected.  However. 
RCS  measurements  have  a  path  which  is  twice  the  illumination  path  length.  Also, 
the  use  of  separate  transmit  and  receive  antennas  causes  the  actual  quiet  zone  to  be 
some  combination  of  the  two  antenna's  patterns. 

Results  and  Analysis  of  Actual  Quiet  Zone 

If  the  beam  peaks  for  both  the  transmitter  and  receiver  were  centered  on 
the  pedestal,  then  the  quiet  zone  dimension  would  match  the  values  obtained  in 
Tables  4  and  5.  For  this  to  happen  the  transmit  and  receive  antenna  would  have  to 


49 


Table  7.  L  (ft).  Round  Trip  Method.  Target  Pedestal  Along  Antenna  Centerline 


Frequency  (GHz) 

6 

8 

10 

12 

14 

16 

18 

6  =  rr/8 

.72 

.62 

.56 

.49 

.47 

.43 

.42 

o  =  tt/16 

.49 

.43 

.39 

.36 

.32 

.30 

.27 

be  the  same.  Since  they  are  not  in  the  AFIT  chamber,  the  actual  quiet  zone  is  a 
result  of  the  combination  of  the  two  patterns.  The  actual  quiet  zone  as  determined 
by  phase  of  a  two  antenna  system  taking  an  RCS  measurement  can  be  predicted  by 
determining  the  phase  of  the  two  way  path  reflected  from  an  imaginary  line  across 
the  quiet  zone  as  shown  in  Figure  23.  The  equation  for  the  phase,  in  degrees,  at  the 
receive  antenna  at  each  point  across  the  quiet  zone  is 

4>  =  (7(14. 3684  +  .Y)2  +  . 580644  +  7(14.3684  -  A)2  +  580644  j  360/A  (17) 

where  14.3684  is  half  the  separation  of  the  phase  centers  in  centimeters.  X  is  the 
translation  increment  (centimeters)  across  the  quiet  zone,  5S0644  is  the  square  of  the 
downrange  distance  to  the  quiet  zone  in  centimeters,  and  360/A  is  the  degrees  per 
wavelength  (centimeters).  Running  X  from  -60  to  60  and  taking  the  resulting  array 
of  (f>  and  normalizing  by  subtracting  the  o  value  when  X=0  from  the  entire  array 
leaves  a  trace  of  the  beam  pattern  due  to  the  combination  of  the  two  antenna.  Using 
a  similar  method  of  determining  the  cut-off  points  as  described  for  the  illumination 
traces,  the  cross- range  dimension  of  the  quiet  zone  due  to  a  7t/16  and  ~/8  phase 
variation  for  various  frequencies  can  be  determined.  Table  7  shows  the  cross-range 
dimension,  L.  of  the  quiet  zone  due  to  the  combination  effect  of  the  two  antennas. 
Given  the  relatively  high  confidence  level  of  the  illumination  predictions,  particularly 
in  the  center  portion  of  the  frequency  band,  it  is  safe  to  assume  that  these  predictions 
are  similarly  accurate. 


50 


The  data  from  Table  7  assumes  that  the  center  of  the  quiet  zone  is  aligned  with 
the  center  point  between  the  two  antennas'  phase  centers.  In  the  AFIT  chamber,  the 
data  shows  that  the  center  point  of  the  antennas  does  not  coincide  with  the  center  of 
the  pedestal.  This  places  the  target  zone  and  thus  the  quiet  zone  on  the  edge  of  the 
combined  antenna  trace.  To  demonstrate  the  distance  the  antennas  are  shifted  off 
the  center  of  the  pedestal,  measurements  were  taken  at  10  GHz  translating  horizon¬ 
tally  and  vertically  at  horizontal  and  vertical  polarization,  respectively,  transmitting 
from  first  antenna  1  and  then  repeating  with  antenna  2  (Figure  21).  The  phase 
plots  from  these  measurements  are  in  Figures  24  through  27.  Figure  24  is  taken 
with  horizontal  translation  and  polarization  and  transmitting  through  antenna  1. 
Figure  25  is  under  the  same  conditions  transmitting  through  antenna  2.  Figure  26  is 
the  vertical  translation  and  polarization  measurement  taken  with  antenna  2  trans¬ 
mitting,  while  Figure  27  is  taken  with  antenna  1  transmitting.  Figures  24  and  25 
are  plotted  to  the  same  scale  as  are  the  remaining  two  to  their  scale.  In  both  sets  of 
plots,  antenna  2  has  a  shorter  minimum  phase  length  than  antenna  1.  This  results 
from  the  fact  that  the  center  point  of  the  translation  path  (used  for  normalization) 
is  off  center  from  the  line  of  the  center  point  between  the  two  antennas.  Overlaying 
these  pairs  of  plots,  it  becomes  easy  to  see  that  the  center  point  between  the  beam 
peaks  is  not  at  60  cm.  For  the  vertical  translation  (Figure  29),  the  shift  is  merely 
an  adjustment  up  or  down  over  the  pedestal  which  is  important  to  know;  however, 
the  horizontal  translation  (Figure  28)  shows  the  shift  from  the  desired  center  point 
to  be  approximately  8.5  cm  (3.3  in)  to  the  side  of  antenna  1.  Taking  this  shift  into 
account  the  values  for  the  quiet  zone  as  the  AFIT  chamber  is  currently  configured 
are  as  shown  in  Table  S.  This  data  indicates  that  the  pedestal  should  be  realigned 
with  the  antennas  in  order  to  achieve  the  quiet  zone  dimension  shown  in  Table  7. 

Since  the  quiet  zone  dimensions  have  been  pessimistic  due  to  pedestal  misalign¬ 
ment,  it  seems  appropriate  to  demonstrate  the  ability  of  the  system  to  measure  a 
relatively  large  target.  Consider  a  1  foot  right  circular  cylinder,  rotated  on  its  side. 
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Figure  25.  Phase  Plot,  H-translation,  H-polarization,  Antenna  1  TX 
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Figure  27.  Phase  Plot,  V-translation,  V-po'larization,  Antenna  1  TX 
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Figure  29.  Phase  Overlay  Plot  from  Vertical  Translation 
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TION  (CM) 


Table  S.  L  (ft).  Round  Trip  Method.  Target  Pedestal  Off  Antenna  Centerline 


Frequency  (Ghz) 

10 

12 

14 

16 

18 

6  =  ~/8 

.46 

.28 

.21 

.20 

.17 

.16 

o  —  rr/16 

.23 

.13 

.12 

.10 

.08 

.07 

Since  this  is  a  uclean"  target,  its  RCS  pattern  should  be  very  susceptible  to  phase 
errors.  Figures  30  and  31  show  measurements  of  the  1  foot  cylinder,  vertical  polar¬ 
ization,  in  the  AFIT  range  and  a  compact  range,  respectively.  The  compact  range 
measurement  had  extremely  small  phase  and  amplitude  variation,  and  can  be  con¬ 
sidered  as  the  correct  RCS  pattern.  Roth  plots  are  oriented  so  that  the  incident 
wave  was  normal  to  an  endcap  at  180  degrees  and  to  broadside  at  90  and  270  degrees. 
A  comparison  shows  that  the  portion  of  the  plots  around  ISO  degrees  are  very  much 
alike.  This  is  expected  since  the  phase  variation  across  the  target  is  the  smallest  at 
this  point.  When  the  cylinder  is  broadside:  however,  the  maximum  phase  variation 
across  the  target  is  experienced.  Comparing  the  plots  at  these  points  reveals  that 
the  AFIT  chamber  results  do  not  reflect  the  symmetrical  lobing  off  the  main  peak  as 
well  as  the  compact  range  results.  Still,  the  A  FIT  chamber  results  do  show  a  good 
representative  plot  of  a  cylinder.  Furthermore,  the  AFIT  measurements  might  be 
improved  by  taking  more  data  points  per  degree  and/or  more  smoothly  rotating  the 
target. 
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Figure  30.  Pattern  Cut,  1  foot  Cylinder.  Vertical  Polarization.  AFIT 
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VI.  Conclusions  and  Recommendations 


Conclusions 

The  conclusions  drawn  from  this  thesis  effort  are: 

•  The  diagonal  horn  antenna  are  significantly  better  than  the  pyramidal  horn 
antenna  for  a  far  field  range.  This  is  due  to  the  diagonal  horn’s  much  reduced 
side  lobe  levels  which  reduced  scattering  from  the  room,  amplitude  taper  across 
the  aperture  which  allowed  mounting  the  antennas  closer  together  creating  a 
backscatter  angle  nearer  to  zero  degrees,  and  an  increased  bandwidth  which 
improved  range  resolution  by  almost  a  factor  of  three. 

•  1  he  quiet  zone  of  a  chamber  is  a  dynamic  area  that  is  influenced  by  many  fac¬ 
tors.  one  of  which  is  frequency.  Antenna  alignment,  beam  shape,  polarization, 
and  antenna  rotation  are  four  more  which  were  discovered  during  this  effort. 

•  Absorber  types  properly  placed  also  reduce  scattering  into  the  quiet  zone  area. 
Background  subtraction  and  range  gating  take  much  of  the  unwanted  scattered 
signals  out  of  the  measurement.  However,  error  signals  which  arrive  close  in 
time  to  the  target  signal  can  not  be  time  gated  out. 

•  l  he  n  agnitude  predictions  were  derived  from  an  assumed  square  aperture  an¬ 
tenna  with  constant  amplitude  across  the  aperture  and  were  invalid  for  compar¬ 
ison  with  the  diagonal  horn  antenna  magnitude  measurements.  However,  the 
phase  predictions  were  fairly  good  in  that  the  phase  variation  from  both  types 
of  antenna  can  be  accurately  modeled  with  the  point  source  approximation 
method. 

R  f  commend  at  in  n  s 

Much  work  can  be  done  to  continue  the  effort  of  improving  the  Al  l  1  RCS 
chamber.  The  problem  of  measuring  horizontally  long  targets  with  horizontal  polar- 


ization  and  vertically  long  targets  with  vertical  polarization  is  one  very  important 
concern.  Two  approaches  which  could  be  investigated  are: 

1.  Modifying  the  system  to  use  only  one  antenna.  This  would  require  a  circulator 
or  a  means  of  pulsing  the  transmitted  and  received  signals. 

2.  The  system  currently  has  the  antenna  looking  straight  out  into  the  chamber. 
Perhaps  if  they  were  tilted  so  that  they  focussed  on  the  quiet  zone  it  would 
alleviate  the  parallax  problem.  Investigation  would  have  to  be  done  to  see  if 
the  angular  orientation  introduced  different  error. 

Absorber  placement  is  anothei  area  of  concern.  To  be  done  properly,  this  would 
require  funds  to  purchase  the  proper  type  of  wedge  absorber  in  sufficient  quantities 
to  install  properly.  In  the  meantime,  much  could  be  done  to  cut  and  fit  the  existing 
absorber  for  maximum  benefit. 

Continued  work  toward  better  characterizing  the  chamber  could  also  be  per¬ 
formed.  A  more  complete  mapping  of  the  quiet  zone  would  lead  to  a  much  better 
picture  of  the  beam  patterns  in  the  two  polarizations.  This  could  be  done  with  the 
existing  translator  by  having  a  number  of  mounting  rods  in  1  cm  increments  made. 
I  believe  that  the  rods  could  be  as  high  as  50  cm  with  a  lead  brick  counter  balance. 
This  would  allow  50  horizontal  traces  at  1  cm  intervals.  Something  would  have  to 
be  designed  to  do  the  same  for  vertical  traces.  Improvements  in  the  code  which  runs 
the  translator  could  be  implemented  to  make  it  more  user  friendly  and  less  volatile. 
For  instance,  when  a  measurement  is  complete  and  the  magnitude  plot  shows  on  the 
screen.  If  the  phase  option  is  selected  before  the  magnitude  is  saved  that  magnitude 
data  is  lost.  Other  sequences  of  key  strokes  also  result  in  undesired  or  unanticipated 
responses.  The  program  works  if  one  just  takes  the  data,  saves  it.  and  then  plots  it. 


Appendix  A.  AFITFP  Code 
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.r0  version  i.O  Acr  1990 

20 

!  LINE 

:S  20  TO  100  ARE  THE  MAIN  PROGRAM 

3C 

cp-:: 

N  BASE  1 

50 

MASS 

STORAGE  IS  INTERNAL. 4. G" 

2O 

Cfr  «' 

r  v 

70 

CAl_ 

Clear  crt 

30 

CAL_ 

Start 

31 

CA! _ 

C.ear  crt 

90 

?RlNr 

"You  are  now  oacic  in  BASIC.” 

100 

END 

•10 

t 

120 

»  7 UTC 

SUBROUTINE  IS  THE  MAIN  MENU  FOR  'AFITFP 

130 

1 

"  -0 

SUB  S 

:ar  z 

150 

°r:nt 

•  ~  1 

REAL 

'/leu  (365) 

1  SO 

c$\ 

Clear  crt 

170 

INPUT 

“Enter  tocay's  date. ".DateS 

1  / U  iNr'ji  - nzer  toce.y 
18C  Start :DISP  CHR3(*29) 
‘30  CALL  Clear  crt 
200  -RIN* 


210  3EINT  ""His  program  is  designed  to  translate  the  AFI7  field” 

220  PRIN*  "probe  aooaratus  through  a  '20  cm  range  anc  provide  a" 

230  PRINT  "measure  of  the  field  in  d3  and  Phase  normal iied  to” 
240  PRINT  "0  dB  magnitude  and  0  degrees  phase  at  the  center." 

250  Startt:  PRINT  "" 

250  PRINT  "At  this  time  ensure  (by  manually  operating  the” 

270  PRINT  "rotator)  that  the  probe  antenna  is  positioned  to  the" 
280  PRINT  "left  or  right  end" 

30C  PRINT  "" 


310  PRINT  "Also  ensure  the  antenna  are  set  for  the  desired  " 
320  PRINT  "oolarity ." 

330  PRINT  "" 


331  ON  KEY  Q  LABEL  "MEASURE”  GOTO  3 

332  ON  KEY  1  GOTO  Idle 

333  ON  KEY  2  LABEL  "PLOT”  GOTO  C 

334  ON  KEY  3  GOTO  Idle 

335  ON  KEY  4  LABEL  "3ASIC”  GOTO  D 

336  Idle:  DISP  "ENTER  APPROPRIATE  SOFT  KEY" 

337  GOTO  Idle 

33S  C:  C.AlL  Clear  crt 

340  OF-  KEY 

341  Icount-120 

242  J-i 


344 

349 

350 


CALL  P at_o roc? lo t ( Icoun t , J . Choice ) 
IF  Choice-0  THEN  SUBEXIT 
GOTO  Starrt 
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aj 

— 

253 

ocCcX. ; 

250  B 

: CAc_  Clear  c 

36  * 

OFF  <EV 

370 

INPUT  "Enter 

”  7  • 

IF  fleas  free 

390  A 

:  CAL-  Clear. 
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PRIM  "Enter 

400 

PR  IN-  — 

4  ‘  0 

00 -V)  7  •• 

420 

DRlrr  "  ; 
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PRINT  ,,M 

JilQ 

PR IN”  cm  ; 

450 

Trance*' 

* 

INPUT  Trance 

-o0 

IF  TranceO  • 

470 

iF  Hrange*2  1 

/«  T  « 

**  i  I 

Pol  3*"“ 

-72_ 

INPUT  "Type  * 

.Poi 

[  3 

4'3 

IF  :cl3<>"H" 

*74 

IF  cclS*""  0? 

u  l  'Z 

=ol5="HGRI2 

-7? 

?ol*C 

477 

ELSE 

473 

==:S*"VER 

47S 

480 

END  IF 

482 

» 

483 

CALL  Clear  _cr 

485 

PRINT  "Enter 

486 

PRINT  "]  ... 

I  C.T1 

10  cm" 


iNP'J:  "Type  the  polarization  of  the  field  <H  or  V  :  Default  is  horizontal) 


PRINT  "2  ...  1  TO  0" 

INPUT  DirS 

IF  D:rSOMTH  AND  DirS<>"2”  THEN  Goto483 

REPL  ''-Jieunj(365)  ,Vi9UD<365)  fPaata(3S5)  .Mdata<365) 

FOR  i-t-TQ  365 
Vieun(I)«0 
Vietio<I)»0 
f1caza<I)-C 
Paata(I)*Q 
NEXT  I 
0eg_c3*35300 
Lengtn*!2Q 

Icount-(wength/!1rarge) 

Fmin*I 
Fmax- ! 3 

Istes*Trange*Dec  cm 

Ir  D:r5*"2"  THEN  Istep“-Istep 

Choice*! 

Tmegte*7 

Pre_sateS-VflLS(TBegte) 

CALL  fleas  ( (leas  _f reg.Tmegte,Istep.Pdata(*> ,  Length,  t1range.Mdata<*)  .Fnin.Fmax 
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57 0  CA:_L  ''ior-.ai :  ze\?ca:a(*  > .Lengtn  .Mrange ,Viewp(”)  ,Mdata<*)  ,Vieun(*>  .0 i rS) 


575  CAL_  3  ho  u_c  r  t ( Me  as_f  reg.Po: .  DaieS . Pre_gateS ,  Choice ,  V  i  sum  <  *)  ,J.Icount,Retrn 
•  Coo  re > 

577  IF  Cho: c?”0  THEN  SUSEXI7 

573  IF  C.no;ce=:  OR  Choice”-  THEN  GOTO  Startt 

530  J”i 

S3*  CALL  Clear _crt 

532  CAlL  $how_;rt(Meas_f  reg.Pol  .DateS.?re_gateS .Choice,  Viewp<*> .  J.  Icount  .Retrn 
.  Cocrc  > 

533  IF  Choice*0  ~HEN  3U3EXI7 
535  CAL-  Ciear_crt 

535  GOTO  Startt 
38/  SU3END 
538  ! 

J04Q  5LE  Meas(Meas  *  rec. Tnteote .  Isteo.Pdara^)  .Length. Mrange.MdataC*)  .Fain  .Faax) 

4050  OPTION  BASE  i 

-050  ASSIGN  *Nua  TO  7*5 

-090  ASSIGN  '*>Nwa_data'  TO  715:r0RflA,  OFF 

4i tO  New:  CALL  Clear  crt 

-t  1 1  OUTPUT  *Nua : "RECA2 : " 

J 1 20  GU r?u T  §Nua : "STAR" :Fain: “GHZ .-STOP" : Faax : "GHZ : M 

4730  OUTPUT  *Nwa : "MARK 1 " : Meas  ?  r  ea : "GH  z : " 

47^0  OUTPUT  «Nbia: "GATESPAN" : Taegte : "ns ; " 

4750  OUTPUT  wNua:"ENTG:" 

4751  OUTPUT  SNwa: “L0GP : ” 

4752  WAIT  10 

4750  OUTPUT  70S  USING  •,K”:"V34.0“ 

4770  OUTPUT  709  USING  "K";"$3' :Istep 

4780  OUTPUT  703  USING  "K"  :'*C30  .0" 

4800  ! 

4310  FOR  I”!  TO  Length/Mrange 

4811  CALL  Clear  crt 

4813  PRINT  ’*  ~  TAKING  MEASUREMENT  *";I 

4820  OUTPUT  *Nwa:"0UTPMARK:” 

■4330  ENTER  *Nwa:Mcata<I)  .Pcata(I) 

4831  WAIT  1 

4822  PRINT  "  CARS (130) :"MCVING":CHRS<!28>; 

484°  OUTPUT  ?09  USING  "K":"I3" 

-8p2  wAi :  1 4»Mrance 

4853  OUTPUT  709  USING  "K";"C30.0" 

4860  NEXT  I 

4870  OUTPUT  >Nua:  "0UTPMARK ; " 

4380  ENTER  ?Nua;Mciata<Lensth/Mrange-'-l)  .?data<Length/Nrange-M) 
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SUBEND 


4:330 
43  Cv 
5230 
5270 


PPOU 

556  ' 
5570 
5530 
3530 
5300 
560* 
56*0 
5520 
5630 

Poo  , 

5632 

5634 

5635 

5636 

5637 

5633 

5640 

5641 

5642 

5643 

5644 

5645 
5552 


SUB  Ciear_crt 
OUTPUT  K3D K": 

SUBEND 

\ 

!  "HIS  SUBROUTINE  NORMALIZES  'HE  DATA 


SUB  Normaii:e<Pda:a<*> , Length. Mranae,Vietup<*-)  ,Mdata<*>  ,Uietum(*)  ,DirS) 
OPTION  BASE  * 

RlPL  Tempm( 365) .Temop< 365) 

~norra-Pcata<  (<Lengtn/Mrange>/2)-1  > 

Mncrm-rtciataC  ( (Length/Mrange) /2>Ti ) 

I 

'OS  I*|  TO  (Length/Mrange) +  1 
V  :sum<  I  >  -Mdata(I)-Mnorni 
:ewo  ( I )  -?data( I) -Pnorm 
NEXT  I 
♦ 

r0S  1*2  TQ  (Length/Mranga)’-! 

I*  U leuip <  I“1 ) -Viaup< I ) >a0  THEN  Viewnd  >-Viewp(  I>*369 
ir  Vietup ( I- !  )-Vieu»(  I  > <-40  THEN  Uiewp(  I>”Vietup(I)~360 
NEXT  I 

» 

I^_Uieup<  <  (Length/Mrange) /2) *1  )<>Q.  THEN 
rOR  I»“  TO  (Lengzn/ttrange)*? 

Tepppt  I)*Uietup(I)-Uiewo<  ( (Lenath/Mranae>/2>*1 ) 

NEXT  I  " 

Doit-i 
c.ND  IF 
* 

IF  Doit-1  THEN 
Doit*0 
GOTO  t i II i t 
ELSE 

GOTO  Pass  it 
-  HND  IF 

r til  it:  FOR  i*l  TO  (Length/Mrange)*? 

Vietap<  I)-Temop(I) 

NEXT  I 


5653  Passit:  IF  DirS-”2"  THEN 

5654  rOR  1-1  TO  (Length/MrangeJ-fl 

5655  i  emon»<  I)-Vie«n(  (Lenath/Mrange>+2-I> 
5ot>6  Tetnpp<  I  )-Vieup(  (Length/Mrange ) +2-1) 
d§57  NEXT  I 

5658  rOR  1-1  TO  (Length/Mrange)*? 

5op3  U  iewtn(  D-Tempnid) 
p6o0  V ieap ( I ) -Tempp( I) 

5661  NEXT  I 

5662  END  IF 

5663  ! 


5671  SU5END 


67 


5672  ' 

5632  !  .HIS  SUBROUTINE  STORES  THE  DATA 

5632  ! 

5050  SUB  3 z re <  DateS . ?ra_cate5 .  V ietui  »> ) 
oOSC  CAlL  Clear _crt 
508'  OPTION  BASE  ! 

5090  PRIM"  "" 

5; 00  PRINT 
51 1 0  PRINT 
6:20  PRINT 

5i  30  PRINT  "  Insure  s  so  rage  disk  into  the  richt“hand  dissr  drive.” 

51 40  °RIN7  "" 

6120  PRINT  ”  Press  ”:CHRS< !29) ; "CONTINUE" :CHRS( 129) when  yo 

c  are  rea.y." 

5160  PAUSE 

5" 70  CAL_  Clear _cr t  ^ 

5130  Name: PRINT  "The  file  name  must  have  at  least  one  UPPER  CASE  letter.” 

51  SO  PRIM" 

5200  INPUT  "  Enter  the  'lie  name  for  the  current  set  of  data.”.Dt_file2S 
52‘0  F;  ie  nameSS-LWCSQt  P:ie2S) 

5220  Disk  :  CREATE  SDAT  Dr_f :le2S. 1 .2350 

5230  ASSIGN  *Dt_fiie2  TQ  0t_?ile2S 

62^0  OUTPUT  ?Dt_r 1 le2 : View* * > 

6250  ASSIGN  SDr_f;ie2  TO  * 

5250  CREATE  BDAT  File_name2S,2.30 

5270  ASSIGN  •«F:ie_nane2  TO  File_name2S 

5280  GUTPUT  «File_nsjne2.1  l DateS 

5290  OUTPUT  jFiie  name2 .2 :Pre_gateS 

6300  ASSIGN  SFilelname  TO  * 

53(0  CALL  Ciear_crt 
6320  SU3EN0 


6330  ! 

5340  !  THIS  SUBROUTINE  MAKES  SURE  THE  USER  HAS  REMEMBERED  TQ  SAVE  THE  DAiA. 

5350  ! 

5360  SUB  Check  (ChicS) 

6370  PRINT 
5380  PRINT 
5390  PRIN' 

6400  PRINT 
5410  PRIN7 
6420  PRIN7 
5430  ChicS-”" 

5-40  INPUT 
5^50  CALL  Clear_crt 
6^60  S’JBEND 
6470  ! 

5^30  ! THIS  SUBROUTINE  DISPLAYS  THE  FIELD  PATTERN  ON  THE  CRT. 

6490  !  _ 

5500  SUB  S'now_crt< Meas_f  r eg. Pol  .DateS ,Pre_gateS .Choice. View (*)  .J . Icount  .Retrn ,C 
oord> 


Have  you  saved  your  data?  It  Mill  be  lost  if  you  haven't.” 

DO  YOU  WANT  TO  SAVE  DATA?  (Enter  'Y'  or  'N':  Default  is  no)". ChicS 


63 '0  S:ar::  CALL  Clear  crt 

6520  gin; T 

6320  FLUTTER  IS  3." INTERNAL” 

£540  Y m r  n = V a e ui  < 1 ) 

6330  ;da*  =  Yniin 

6560  ,-GR  1-1  TO  Iceanr 

6570  IF  v i3w< I) <Ysi:n  THEN  Ymi.n*Vieu(I) 

S5SC  IF  ViewG >>Ymau(  THEN  Ymax-v’ieni(  I) 

55 SO  '.‘EXT  I 

6600  Ynaa-Ytnax-’-l  G 

5610  Y.nax -AROUND  <  Ynajc .  1  > 

5620  Ysiin-Ymin-IC 

5630  Yn:n*rROUND(  Ynun.  1 ) 

5540  Ranee  *Yma_x-Ym.n 

6650  GRAPHICS  ON 

5660  “CVE  0.95 

5570  CSIZE  3 

6680  LABEL  NameS 

5690  CSIZE  5 

6700  LQRG  6 

6710  FOR  I— .3  TO  .3  STEP  .! 

6720  HOVE  70*1 , 1 00 

5730  LABEL  "LOU  OBSERVABLES” 

574G  NEXT  I 

5750  LuRG  1 

6760  CSIZE  a 

5770  “OVE  0.52 

5771  IF  J-0  THEN 

5772  LaneiS-”LQG  NAG- 

6773  FOR  1-1  TO  7 

5774  LABEL  LabeiSiI.il 

6775  NEXT  I 

5776  ELSE 

6780  LabelS-”?HASE” 

5790  FOR  1-1  TQ  5 

68C0  LA3EL  LafaelSiI.Ii 

5310  '  NEXT  I 

6311  END  IF 

6320  MOVE  56.15 

6830  1.A3EL  "ASPECT  ANGLE” 

6340  VIEWPORT  15.125.30,90 

6350  FRAME 

5360  WINDOW  0 . Icount , Ymin . Ymax 

6870  AXES  5,3.0, Ymin.9,5,2 

6380  CSIZE  3 

6390  LORG  6 

6900  CLIP  OFF 


53’  o 

—  •  ,  a 

0  iG  .conn*  STc?  10 

£920 

'move 

I .  Yi?.;n- 1 

6930 

LABE 

_  i 

694G 

NEXT  I 

6950 

^ 

o 

6360 

~jR  I- 

imi n  TO  Ynax  STEP  10 

6370 

HGVE 

_  -  T 

6980 

’ 

I 

S99C 

next": 

7000 

FOR  1  = 

0  TO  I count 

70 1  G 

?L0T 

I ,  V  i  ew  ( I  1 ) 

7020 

NEXT  : 

7021 

=I_3T  I 

count  .'1  :eu<  Icount+I ) 

7030 

ON  KEY 

0  LA3E_  "=LGT"  GOTO  P;otr 

7040 

:n  kev 

!  GOTO  Icle 

7050 

ON  KEV 

2  LABEL  "STORE  THE  DATA”  GOT 

7060 

u.N  KEY 

3  GQTQ  Icie 

7070 

ON  KEY 

4  LABEL  "NEw  FP"  GOTO  C  new 

7030 

ON  KEY 

5  LABEL  "DUMP  TO  PRNTR"  GOTO 

7090 

ON  KEY 

o  Goiu  ic.e 

7091 

7  IT  :  —  ? 

THEN 

7100 

“on 

KEY  7  GOTO  Idle 

7101 

ELSE 

7102 

"on 

KEY  7  LABEL  "PHASE”  GOTO  3ot 

7103 

END  IF 

71 10 

ON  XEV 

8  GOTO  Idle 

7120 

GN  KEY 

9  LABEL  "TO  BASIC”  GOTO  C_st: 

7130 

GN  K3D 

GOTO  Bottom 

7 1 40 

Idle :OIS? 

CHRS< 131): "" : CHRS< 129): "" : III 

7150 

HA17  1 

7160 

GOTO  L 

die 

7170  Dauae: PR INTER  IS  701 
7180  OUTPUT  K3D:  •'  N" ; 

7190  PRINTER  IS  CRT 

7200  GOTO  Idle 

7430  C_3tre:  OFF  KEY 
7440  CALL  Ciear.cr* 

7450  GRAPHICS  OFF 

7460  Wieui(3S1 )  *Meas_f  rea 

7470  V:eu<362)-?cl 

7430  CALL  Stre(DateS.PTe_cateS,View<*>) 

7490  CALL  Clear_crt 

7500  GOTO  Start 

7510  C_neu:  OFF  KEY 

7520  GRAPHICS  OFF 


7530 

7540 

7550 


*  *  r  * 

-ii—  C;ear_crt 
Cncice*1 

CALl  C.Secic  (ChicS) 
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*  5c  0 

IF  3hxS»"Y"  THEN  Gu 

7570 

SUBEXIT 

7530 

C_=rr: :  ^GRAPHICS  QFr 

7530 

CALL  Clear_crt 

7600 

Che  ica*0 

7510 

CAI _ Cheer <  Cnk  S ) 

7620 

Ir  ChxS="Y"  THEN  GO 

n  r* 
/"jQi.1 

SUBEXIT 

7 53  • 

-leer: GRAPHICS  OFF 

loZZ 

CALL  Ciear_cr: 

7834 

Choice'S 

7635 

Rerrn-0 

>736 

Ccord=0 

7537 

SUBEXIT 

76-G 

3ot com :  GRAPHICS  OFF 

7650 

CALL  Clear  err 

75oC 

SUBEND 

757C 

i 

7  630 

1  'HIS  SUBROUTINE  CON 

7520 

« 

'  -'Cp.l 

’ZStsft 

;  ~oop 

i  3000 

taS) 

•30-0 
court  r 
1301  ; 
13020 
13030 
13040 
!  3050 
13060 
13070 
13080 
13020 
13100 
13110 
13120 
13130 
13140 


roco loti  Icons: .  J  .Choice) 

Ur'  -OM  sMSi  1 

-■  ..1  r r  ace _ Ca'ai  160 ) .  0  iew (  coo ) 

Inoue  :CAL-  Pat_in0u:(Ptrace_data(*>  .Neas_f  req.Da: 

U lew : CALL  Show_crc<Heas_f  req . ?o i . Dates. Pre_aateS , 
,  Eetrrt  .Coord) 

IF  Choice-3  THEN  GOTO  ?rcienu. 

IF  Retrn-2  OR  Choice-'  OR  Cheice-G  THEN  SUBEXIT 
IF  Aetrn«i  THEN  GOTO  InDut 
?menu.:0N  KEY  G  GOTO  Ici* 

ON  KEY  1  LABEL  "LINE  TYPE"  GOTO  Lin_tyo 


ON  KEY  2  GOTO  loie 

ON  KEY  3  GOTO  Idle 

QN  KEY  4  GOTO  IdLe 

ON  KEY  5  LABEL  "PLGT  GRID"  GOTn  a-rid 

QN  KEY  6  GOTO  Idle 

QN  KEY  7  LABEL  "PLOT  DATA"  GOTO  Pdata 

QN  KEY  8  GOTO  Idie 

QN  KEY  S  LABEL  "EXIT"  GOTO  Pexit 
Idie:DISP  "ENTER  APPROPRIATE  SOFT  KE?" 
13150  GOTO  IcU 
13160  L:n_-;yp:CALL  Clear  crt 

LABEL  "0""G0T0  Zero 


13170 

QN 

KEY 

0 

13180 

QN 

KEY 

i 

•3130 

QN 

KEY 

? 

13200 

QN 

KEY 

3 

1 3  2 1 0 

ON 

KEY 

4 

1 3220 

QN 

KEY 

5 

•3230 

QN 

KEY 

S 

13240 

QN 

KEY 

7 

13250 

OM 

v~  • 

8 

••  j  tt 

"3" 

“A“ 


LABEl 
LABEL 
LABEL 
LABEL 
LABEl  "5 
LABEL  "S 
GOTO  Lidia 
8  GOTO  Lidle 


GOTO  One 
GOTO  Two 
GOTO  Three 
GOTO  Four 
GQTQ  F  ive 
GOTO  Six 


iTA 

:eS , F  iie_nane25  ,Po  L  ,Pre_ga 
Choice.Ptrace_dataO)  .J.I 
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'I^QO 


•3500 
-  rec  . 

■ ,'n 

25  3  C 
'3540 
■  35^  "■ 

•  25u? 

‘  3550 
i  35S0 
:  3570 
'357* 
125BC 
'3530 
1 360C 
:  3Si  o 
*3620 
!3630 
1364C 
1 3650 
;  36oG 
r  Lve .  ‘ 

‘3670 
"  3630 


-N  -c ‘  3  G0T0  Licie 

..c.i  "ocLi37  LINE  7Y0E" 

;:r:c  _  i c  1 9 
Eerc  :  _:n_ty?=0 
3C7C  =-nenu 
One : _:r_ryo=‘ 

GOTO  -nenu 
~uc  : _ :n_typ“2 
3-CT2  -nenu. 

”nree :_:n_ryo=3 
7- 7 73  :nenu 
-our : _:n_typ=4 
SOTO  =  nenu 
r :ve : _:n_typ=5 
3073  "nenu 
Six: _ :n_*yo“6 

•3G”G  "nenu 

"pr  :c:  CALL  Ciear_crt 

CAL_  rscaie_cn<  Ymax .  Yn:n  ,Ptrace_data(  *) .  Icount) 

CA; £  1  sir  cr* 

IE_Cog7-:*0  THEN  CALL  Pdrau_?i<Y:nax.7nun.Nu0_tracas.Icour)t) 

oL  '  i_  Hii 

" tata:  CALL  Ciear_crt 

IE  Cccrc’G  THEN  CALL  Pdram_data(?trace_data(*> ,  Ymax.Y:nin.Fiie_naae23,;teas_ 
:c  l_1?7=_sa:eS . DateS , Num_t races , Lm_typ .  Icount) 

30  2  =nenu 

nexir:  CALL  uiear_cr: 

GRAPHICS  QFE 
Cnoice*". 

Eetrr*2 
S'JBEXIT 
SO 5 END 

t 

!  THIS  SUBROUTINE  RETRIEVES  THE  DATA  FROM  A  DISK 

f 

SUB  5ai_input^Ptraca_cata<*>  .Neas_freq  .DateS,  Fiie_nsjne2S,  Pol  ,Pre_gateS) 

!  Written  by  Dana  J.  Beraey.  Nay  ‘389 
CPTICN  3ASE  1 
DIN  View<365) 

CALL  Clear  crt 
Start: PRINT 
3RINT 


Oprv.-  '< 


Insert  disc  containing  data  file  into  rignt  hand  disk  d 


PRINT  "" 

3r':nt  ” 

:  %  aC y  . 

?  A  U  S  E 

ON  oRRQR  GOTO  Err2 


Press  ” :CHRS( !3i ) : "CONTINUE" :CHRS( 128)  : 


3723  -Nr:j  "Do  you  uisfi  to  see  listing  of  dis*  (Y  or  N>?  Default  is  NO.", 

'  3  7  2  0  If  _:;s*5  =  "Y"  'HEN 

' 3?«C  I-' 

"i/cG  _N  <,;D  GG'G  -gain 

'2752  313?  'IHRS<  1 21  >:  "Press  space  bar  when  ready  :CHRS(  ’  23) 

'  2  <■'  /  G  _:OOc:2'-  i o o c 

•  3  7 ,Q C  £’ 

•2790  ~C-I~2  ftcam 

•2300  END  If 
'  381  Q  Aca.?:2 A'_L  CUa: 

'  3820  "if-  ''3D 
••3330  QF-^ERROR 

‘23-Q  Name :  INPUT  "Enter  the  file  name  of  the  stored  file. ".File  nameZS 
13850  0N_ERRDR  GOTO  Err* 

’2360  GO”!  Ir.oounc 
"3370  Err ' : -R IN'  C.RRMS 
"3330  GO  2  Natie 

'3390  I nccurc : ASSIGN  ?F:ie2  TO  File_nane2s 
123CG  EN'Ef  ?f ile2:Vieu(*> 

'3910  RESIGN  ?F:ie2  TO  * 

•3320  FOR  >1  TO  365 
"  3320  3 trace  ratal  I>*0:eu)(I) 

:29^c  NEX"  I 

13950  Teas_- rec=*U :eu<362) 

13960  pol*Vieu(3S2> 

13970  Dte_- 1  ie2S=>LlfC3<Fi le  nane2S) 

12980  ASSIGN  *Dte_file2  TG~Dte_f ile2S 
13990  ENTER  fOie_f i le2. Dates 

14000  r.NT~R  «Dte  file2.2:Pre  oatsS 

1-30 10  ASSIGN  ?Dt?  f ile2  TO  * 

14C20  SU3EXI7 
1 4C30  Err2:G.-.Lc  Clear  crt 
1*040  DIS=  EP.RMS 
••1050  3E~ 

1 4060  GFF  ERROR 

•R070  GOTO  Start 
14080  3U3END 
• 4Q90  r 

14091  !  THIS  SUBROUTINE  SCALES  THE  DATA  FOR  PLOTTING 

•4:00  ! 

'  J’  1 0  SUB  =scale_cn(  vma*  .  Yrtiin.?trace_data(*>  ,  Icount) 

1£120  !  written  Dy  Dana  J.  Bergey.  May  *989 
-J121  !  Mccified  by  Anthony  J.  Hunt.  April  1990 
■4; 30  GRAPHICS  0F- 

•4 '40  Yru--3trace_data(l)  !  INITIALIZE 

14150  YmajfYn.n 

■4'S0  F'2^_ J- 1  TQ  Icount*! 

'*'70  I-  ?trace_data< JXYrain  THEN  Yain*Ptrace_data(  J> 

'*'3C  I-  Ptrace_data< J)>Y«ax  THEN  Y»ax”3trace_datai J) 

14190  NEXT  J 

'4200  CAL_  Ciear_crt 


73 


•-2  7  0 

* 

■» 

;  ^22'J 

PRINT  1 

• 

•^220 

PRINT  ' 

r 

•* 

*  -240 

~RIN~  1 

'  -250 

-PINT  • 

... 

•-2S0 

4r:n'  " 

The  i 

■427  0 

?R'N~  ■' 

The  i 

14230 

PRINT  *' 

T  41290 

°RINT  " 

" :  CHi 

r  c.t  ^  3 

scale 

'  -300 

3  w  *  T  " 

'-370 

3RIN~  " 

" :  CHI 

SC3.«  <r  . 

" 

:  -220 

PRINT  " 

l  •• 

■  4230 

CN  KEY 

5 

LABEL 

»* 

ON  KE'* 

7 

LABEL 

** 

7  -250 

2N  KEY 

4 

GOTO 

Idle 

■^260 

QN  KEY 

6 

GOTO 

Idle 

;  437Q 

UN  KEY 

« 

t 

GOTO 

Idle 

14380 

ON  KEY 

GOTO 

Idle 

1433C 

ON  KEY 

3 

G0TG 

Idle 

14400 

ON  KEY 

4 

GOTO 

Idle 

•4410 

ON  KEY 

6 

GOTO 

Ici- 

1.4420 

ON  KEY 

8 

GOTO 

Idle 

•4430  I 

cle:DISP 

'Enter 

appi 

14440 

GOTO  Id 

Is 

SCALING  CHOICES 


The  maximum  value  of  the  current  data  is  ":Ymax: 

The  minimum  value  cf  one  current  Gata  is  ";Ymin: 

,:CHRS(!29):,,AUTG  SCALE" :CHRS<1 29 ) . Computer  gen 


* :  CARS <  729);  "USER" :  CARS  (123):“ . User  def  i nes 


AUTO  SCALE"  GOTO  Auto 
USER"  GOTO  User 


14450  UsertCALL  Clear  crt 
‘ a46C  °RINT  " 


! 4470  PRINT  " 
74430  PRINT  " 
r449Q  PRINT  " 


USER  DEFINED  SCALE 


14500 

14510 

PRINT  "" 

14520 

INPUT  "Enter  the  maximum  value 

14530 

INPUT  "Enter  the  minimum  value 

14540 

Ranae- Ymax -Ymin 

14550 

IF  Range>0  THEN  GOTO  Good  rge 

14560 

BEE? 

14570 

IF  Range-0  THEN  PRINT  " 

r  Ymin 

and  Ymax." 

14530 

IF  RangeCO  THEN  PRINT  ” 

our  Ymax.” 

14530 

PRINT  "" 

14600 

PRINT  ** 

scale  desired.”, Ymax 
scale  desired. "rYmin 


You  have  entered  the  same  value  to 
Your  Yarn  is  greater  than  y 


Try  again!" 
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i  ->s :  o  _  goto  ^520 

•4620  Gooc_rce :CALL  Ciear_cr: 

'  i»63Q  OF-  KEY 
*45«C  SU3EXIT 
'4650  Auto: CALL  CLear_c” 

‘4550  'faajc’Yma.x-^  1 G 
’-670  Y;aax*?R0UND<  Ymax , 1 ) 

'4680  Yi?.:n”Ymr,-1 0 

'  4680  Ynm»PRGUND( Ymin,  i  > 

'  4700  OFF  KEY 
’-*710  2 U SEND 
-4720  ! 

•4?2’  !  THIS  SUBROUTINE  DRAWS  THE  GRID 
•4720  ’ 

•a740  SU5  =  :rau_oi  ( Ymax.Yam.Nufl_traces.Icount) 

'4750  !  nr::;en  by  Dana  J.  Sergey,  Hay  1989 
la75l  !  Hocified  by  Antnony  -J.  Hunt,  Apr:'  1290 
*4750  Num_:races*0 

*  7 7 0  CA! Ciear_crt 

'^730  PRINT 

M790  “’R'N”  *"* 

14856  PRINT  "" 

■4810  PRINT  "  Ensure  that  pare.-  and  two  pens  are  in  the  plotter  at  tni 

s  tine." 

*  ^g^»Q  ^R”NT  '**' 

14820  PRINT  '*  Press  ":CHRS<  129 >; "CONTINUE" :CHRS<  123 > 

when  reacv." 

: 48^0  3AUSE 
14850  CAL-  Clear _crt 
1486G  ! GRAPHICS  CM 

14370  PRINTER  IS  7Q5 
14880  ZS»CHRS(3) 

l«890  3RIN7  “IN:SP1:IP  1500.2000.9500,7500:" 

14300  PRINT  "SCO” . Icount . "Q . 1 00 : ” 

14910  PSINT  "PU  0.0  PD  ".lcount."0".lccunt. "100, 0,100. 0.0  P'J:” 

■4920  PRINT  "SI  ,2..3:TL  3.0;'* 

14330  PQR  X-J0  TO  U0  STEP  10 
14940  PRINT  "PA" .X,"0 .XT 

14950  NEXT  X 
14960  PRINT  "TL  1.5,0" 

14970  FOR  X-l  TO  119  STEP  1 

14980  PRINT  "PA" ,X .”0 .XT" 

■4990  NEXT  X 

15000  PRINT  "TL  0.3;" 

’5010  rGR  X* ! 0  TO.  110  STEP  *0 
15020  PRINT  "PA". X. "100. XT;" 

15030  NEXT  X 

15040  PRINT  "TL  0.1 .5" 

15050  FOR  X-i  TO  119  STEP  ! 
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:50S0  -RIN7  "PA" 00 . :<T" 

15070  NEXT  X 

'5080  rGR  X-Q  rQ  Iccuni  STEP  IQ 
•5090  PRINT  "PA".X.“ir 

'  5  i  00  IP  X < :  0  THEN  PRINT  ’‘CP  -1 .5.-1 :L3";X:ES 
* 5 -  T  C  I-  X>S  AND  XCIOG  THEN  r'RINT  “CP  -2.-1  ;L3’’:X:ES 
•5120  IP  X>99  THEN  =RIN7  "CP  -2.3.-! :L3":X;£S 

*  ^  *  3C  fsjry  y 

iSiaO  -PINT  "PA  30 . 0 :C?  - 1 1  .-2.5:  L3 TRANSLATION  <CM>‘*;E3 
1  5 1  5 U  PRINT  "SCO" .  Icount .  Ynun  .  Ymax  :  “TL  3.0“ 

‘5‘50  Range-Ymajc-Ynun 

15170  FOR  Y*Ymin-MG  TO  Yraax-10  STEP  1C 

' 5 ! SO  PRINT  "PA0".Y."YT" 

15190  NEX~  Y 

•5200  PRINT  "TL  1  .5.3" 

15210  IP  Rangers  THEN  Little_tick-2.5 

13220  1-  Range<5l  THEM  Litti.e_ti.ck -2 

15220  IP  Range<31  THEN  Littie_tick»1 

'5240  PGR  YaYmin^Littie_tictc  TO  Yinax-Li  :tle_tick  STEP  Litcie_tick 
< 5250  3D"NT  "?A  G“.Y."YT" 

15250  NEXf’Y 

15270  3RIN*  “TL  0.2" 

15230  PGR  Y-Yam+lO  TO  Ymax-IO  STEP  10 
1 5290  PRIN*  "PA  ".Icount ,Y .“YT" 

•5300  NEXT  Y 

15310  PRINT  "TL  0.1.5" 

15320  F OR  Y=Yfiiin-H_ ± trie  tick  TO  Ymax-Little_tick  STEP  Littie_tick 
1 5330  PRINT  "PA  Icount . Y ."YT" 

15340  NEXT  Y 

15350  PRINT  "TL  3.0" 

*5360  FOR  Y-Ymm  TO  Yraajc  STEP  10 

15370  PRINT  "PA  0".Y: 

r5380  vnum”Y 

15290  Ynum-PR0UND<Ynum.-2> 

15400  IF  Ynujn<-99.29  THEN  Offset-6 

15410  IF  Ymun>-1C0  AND  Ynum<-9.39  THEN  Offset-5 

I542G  IF  Ynum>-!0  AND  Ynuin<-.99  THEN  Offset-4 

15430  IF  Ynum>-1  AND  Ynum<0  THEN  Offset-3 

15440  IF  Ynum-0  THEN  Offset-O 

15450  IF  Yninn>0  AND  YnumO  THEN  Offset-2 

15460  IF  Ynum>  .99  AND  Ynum<  10  THEN  Offset-3 

15470  IF  Ynum>9 .99  AND  Ynam<100  THEN  Offset-4 

15480  IF  Ynam>99 .39  THEN  Offset-5 

15490  PRINT  "C?" .  (-2.5>-0ffset,"-.25:L3";Ymio;ES 

15500  NEXT  Y 

•5510  !  PR  IN”  "PAO" . Yain+Rance/2 s "010 ,  t;C?  -5,5" 

15520  1  PRINT  "L3RCS  (a3sm)":ES 
15530  PRINT  "01 1.0" 

•5540  PRINT  "PU:PAO",Yrain.";SI  .  15, .225:CP5,-5:" 

15550  PRINT  "LBFile  Name  Frequency  Polarization  Soft  gate 

Data" :ES 

15560  PRINT  "SPQ" 

*5570  PRINTER  IS  CRT 

15580  SU3END 
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' 5530  ’ 

•55$:  !  SUBROUTINE  PLOTS  THE  DATA  ON  THE  GRID 
15500  ! 

15510  SUB  ?crau_data(?trace_data(*> ,  Yoax.Yain.r  iie_name2S.!1eas_fre<?f?oi.P 
S  ,  DateS  .  Nujii_"aces  . Lin_ryp  .  Icour.t ) 

15620  !  Unrren  oy  Dana  J.  3ergey,  Nay  1939 
15521  1  Moc;*:ed  bv  Antnony  J.  Hunt,  April  1990 
15630  3R:n-E=  IS  705 

15640  PRINT  "SCO"  .  Icount .  Ymm .  Ymax 
15630  PRINT  "SP2;" 

o63i  IF  2r:ace_data(2><Yni:n  THEN  Ptrace_data(2>*Ymin 

15660  PRINT  ”5UG’’.Ptra£e_Gata(2J : 

15670  PRINT  “LT2 , " :L:n_tyo 

156S0  IF  Lin_ryo*0  THEN  PRINT  "LT;" 

15590  FOR  1-2  TG  Icount-2 

'5700  IF  Ptrace_dara(  IXYmin  THEN  Ptrace_data<I>“Yrain 

15710  IF  ?:racs_cata(  I)  >Ymax  THEN  ?trace_data(I>“',max 
15720  PRINT  ”PD" , 1-2 ,Ptrace_data<D 

*5730  NEXT  I 

1 5  7^0  Num_r:ac9s*Nujn_traces+! 

1575C  PRINT  "PU : PfiO" . Ymin ," ;SI  .15.  .225:C?5.-5;" 

1 5  76  0  £S*CHRS <  3 ) 

15770  IF  Pol*'  THuN 

15730  po  1  S*"VE3  7TCAL” 

1 5790  E_SE 

'5300  Pc 1S*"HQRIZQN7AL" 

15810  END  IF 

15320  FOR  1*0  TQ  Niuji_t  races 

15330  PRINT  "CP0.-1 

■5840  NEXT  I 

15350  PRINT  "L3" :Fiie_nane2S;ES 
15360  PRINT  "C? : CP20 . 1 : " 

15870  PRINT  ”L3“ ;f1eas_f req;,,GHi'*;ES 

15880  PRINT  "CP: CP3C.1 

15890  PRINT  "L3":PolS:ES 

15900  PRINT  "CP; CP59.1 

15910  PRINT  "13" :Prs_ga-eS;ES 

15920  PRINT  "CP: C?S9,U" 

15930  PRINT  "L3": Dates :ES 

15940  3ottom:?RINT  "SI  .2.  .3 :PU0" , Ymm,"SP 
15950  PRINTER  IS  CRT 

15960  SUBEND 


Appendix  B.  Quiet.  Zone  Magnitude  and  Phase  Plots 


Horizontal  Translation,  Vertical  Polarization 
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Figure  33.  Phase,  6  GHz 
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Figure  35.  Phase,  8  GHz 
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Figure  37.  Phase,  10  GHz 
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Figure  39.  Phase,  12  GHz 
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Figure  41.  Phase,  14  GHz 
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Figure  43.  Phase,  16  GHz 
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Figure  45.  Phase,  18  GHz 
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Horizontal  Translation,  Horizontal  Polarization 
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Figure  49.  Phase,  8  GHz 
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Figure  52.  Magnitude,  10  GHz,  Antenna  2  Transmitting 


100 


101 


TION  (CM) 


to 

I 


Figure  54.  Magnitude,  12  GHz 
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Figure  55.  Phase,  12  GHz 
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Figure  57.  Phase,  14  GHz 
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Figure  58.  Magnitude,  16  GHz 
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Figure  59.  Phase,  16  GHz 
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Figure  61.  Phase,  18  GHz 
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Figure  63.  Phase,  10  GHz,  Vertical  Polarization,  Antenna  2  TX 
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Figure  65.  Phase,  10  GHz,  Vertical  Polarization,  Antenna  1  TX 
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Figure  67.  Phase,  10  GHz,  Horizontal  Polarization,  Antenna  2  TX 
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Figure  68.  Magnitude,  10  GHz,  Horizontal  Polarization,  Antenna  1  TX 
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Figure  69.  Phase,  10  GHz,  Horizontal  Polarization,  Antenna  1  TX 
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ABSTRACT: 


This  research  effort  investigated  improvements  and  characterization  of  the 
AFIT  RCS  measurement  chamber.  The  two  main  areas  of  improvement  included  the 
support  pedestal  and  antennas.  Characterization  included  antenna  and  system 
performance  as  pertains  to  aliasing,  noise  floor  and  quiet  zone  definition. 

Support  pedestal  improvement  involved  consideration  of  the  three  primary 
types  used;  the  suspension  line  support,  foamed  plastic  columns,  and  ogive¬ 
shaped  metal  pylon.  Antenna  improvement  imcluded  installing  broad  bandwidth, 
low  sidelobe  antennas.  These  were  mounted  so  that  they  could  be  easily 
rotated  for  polarization  selection,  and  so  that  they  provided  a  good  approx¬ 
imation  to  a  backscatter  angle  of  zero  degrees  without  incurring  high  antenna 
coupling. 

System  aliasing  measurements  and  anlaysis  was  performed  to  ensure  that  the 
full  bandwidth  capacity  of  the  antennas  was  achievable  without  causing  alias 
error  signals  to  enter  the  target  zone.  Noise  floor  data  was  taken  to  deter¬ 
mine  the  degree  of  sensitivity  improvement  after  modifications.  Quiet  zone 
characterization  was  designed  to  verify  predictions  and  provide  actual  dimen¬ 
sions  for  measurement  analysis.  Additionally,  the  quiet  zone  measurements 
provided  information  as  to  the  pedestal  location  relative  to  the  focus  of  the 
antenna. 
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